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THE CALAKMUL EXPEDITION 


By Dr. SYLVANUS G. MORLEY 


ARK EOLOGIST OF LRNEGII ‘ ON OF 


1 


xpedition reached Campeche on Dimas, a stat 
\pril 5, where Mr. J. C. Brydon, man tween Kanasavab and La Glo 
r of the Mexican Exploitation Com days in advane Mr. Brvdor cd 


ny, met the party. The equipment engaged two automobiles 


tions nds ipplies had been forw arded TO San party t] e next “ay | TI rou’? 


Sylvanus G. Morley, archeologist in hacienda of San Dimas, 55 miles dist 
ge of the field work in Yucatan for Car After an eight-hour drive. the tte? 
+ + ? SI 
y nstitutio of Washington, headed ar 
g Institution ae ’ ded a over an all but impassab | y 
tion, whicl s sent into an uninhabited 
scutes Camneche fer the purpose of through the rorest t expeditior 
ng the ruins of an ancient Maya city, reached San Dimas 
g d a few months before by Mr. C. L same night, wher t Was most sp 
ndell, an employee of a chicle company oper received by Mr. Sane! ocal manager 
n the region W hen na s ting try ! . } 
) ‘ of the Montana ¢ al and q 
r s company, Lund . mn D Her Pe ‘ 
+ ] | 
l ime upon jungle-covered ruins to which at the hacienda | s 
yg name ‘*Calakmul,’’ which means, The next lap 
Maya tongue, ‘‘tw id ning mounds,’’ over a Deceauy ae trar 
having significance, as Lundell thought, { 
oe form cars, ten feet ng, ! 
se the two highest pyramids, each about ; 
feet in height. stood « se tovether Lu mules tar di m witli if 1 S { } CS 
I : i 4 su 
yk photographs and made a sketch map being attache d I }) rl 
site. A little later, these came into the single pair or traces At four 
} : ‘ ‘ » identified the is 
s of Dr. Morley, wh lentified the ruit on the afternoo) f Ap G th. 
being those of an Old Empire City which 
had been built te the north of the known limits ion reached La Gloria 
f the Old Empire region Because of its loca of Don Francisco Bu f 
n so far north, Morley believed the ruins to Don Francisco Buent f Merid I 
} f enffie: sceientifie ; rts ee te ustif ¢ 
ifhcient cl nti importan } y ( amp che. is the rvest pl 
rganization of an expedition to visit it ar a H 
: 7. operator 1 The s t { 
ke a thorough study of its principal fea perator in | , 
res. Obtaining approval of his plan from had visited Chichen Itza earlier 
Mexican government and from Carnegie 1932 season and when lh arned 
Tmattenes — an left fal a dauarters ; 
Institu ion, the ‘ xpediti n left field hea quarter Institution’s contemplated expeditior 
at Chichen Itz4, Yucatan, Mexico, on April 3, ‘ ’ 
1932 Its personnel consisted of Dr. Morley, Calakmul had generous \ placed he 
lirector, Karl Ruppert, archeologist, J. 8S facilities of his organization at its se! 
Bolles, architect and surveyor, Gustav Stromsvik, vice Occasion should b ken hei 
ngineer, Mrs. Morley, in charge of the commis f 1 
state that the success of the Calakmu 
sary, and two camp assistants Dr. Morley 
. . » S ie r¢ lie S ‘Pe TO 
ere gives an account of the journey and of the expe dition was due it irse measul 
results obtained. the generous assistance received from 


193 
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CORRAL BUENFH 
CALARMUL 


GVUATEMALA 





VALACTUN 
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MAP OF YUCAT 
SHOWING LOCATION OF NEWLY DISCOVERED CITY OF CALAKM , SOUTHERN 
HEAVY BLACK LINE INDICATES ROUTE FOLLOWED BY CARNEGIE INSTITUTIO? 
EXPEDITION FROM CHICHEN I?TzA TO CALAKM 


the members of Mr. Buenfil’s efficient In the akalches, or swamps 
organization at all stopping places from bush is cleared to a width of 
Campeche to Calakmul. feet so that the sun may r 
The journey beyond La Gloria was’ marshy places. Although thes 
made in a five-ton truck over chicle were nearly dry at the time ft) 
trails that are utterly impassable for tion passed through them, sev 
motor transport during the rainy season, were traversed which necessitat 


and not much better during the dry sea ing short logs to the rear wheels t 


son. The stretch from La Gloria to Cen- vide sufficient traction in the bot 
tral Buenfil, a distance of 70 miles, was mud. 

eovered in 27 consecutive hours, includ- The expedition was cordiall: 
ing eight hours out for sleep in the at Central Buenfil by Do 
midst of the forest. Osorno, the general manager, 


The expedition left La Gloria at 3:15 rangements were made with | 


on the afternoon of April 7 and reached mules to transport the party and 


Central Buenfil at 6:15 the following the remaining seven miles sout! 


afternoon. after a nerve-racking, muscle- ruins of Calakmul. 


beating journey. The truck-pass over Thirty mules, ineluding pack a 
the hills was narrow, the truck scraping were required to transport the 
the bushes and trees on either side and nel and outfit from Central Bue 
the lower branches as it Calakmul. Fifteen laborers we 
ployed during the fifteen days’ 


breaking off 
lumbered along. 


? 





CALAKMUL EXPEDITION 


April $24) a wo camp The ¢ 

expedit 
rst afternoon (April 9) was de att 
making camp, putting up tent 

for sleeping quarters and mess 


iildine a kitchen stove and table. 


ranging the outfit, supplies, sad 


IS, ete. compet 
following day was one of the most is Tikal 
able in the writer’s twenty-five contains a 
rs ol tropical exploration With the however, on 
| sketch map as a guide, the in- cent.) are seulpt 
m party set out to explore the — site having th: 
wvered by the map. Lundell had tured stelae 
rated 64 stelae. or sculptured dras Negras 
glyphic monuments, of which the with a total 
dition was able to find all but two. Calakmul 
if the missing two was the unseculp least 74 surely 
d rectangular altar on the summit of the remaining 2 
substructure supporting the middle’ that another | 
ding of Structure D, which Lundell been sculptured 
mistaken for a sculptured stela; the has entirely disap 
er was not found in the position indi soltness of the 
don his sketch map and it appears’ used and the 
robable that he must have confused it which the ste 
some other stela already accounted It is therefore 
r elsewhere This reduced the total of say t] 


ie found by Lundell to 62. had 
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CALAKMUL 


EXPEDITION 











AT SOUTHWESTERN CORNER OF STRUCTURE E. 
IT, 











TREE GROWING ON TOP 





OF 





ae as any other Maya site yet discov 
ed 
The work of the expedition was di 
ded as follows: The writer devoted 
s time to the epigraphy, assisted by 
Mr. Stromsvik who took entire charge of 
turning the heavy fallen monoliths, some 
ghing as much as five or six tons, 
ny laying with their sculptured faces 
wnward. Mrs. Morley took charge of 
photography; Mr. Ruppert made a 
study of the architecture, though only 
building, Structure C, was suffi 
ently preserved to allow a detailed 
ground-plan to be made of it without 
xcavation. Mr. Bolles made a surveyed 
ip of the center of the site, covering an 
rea about three fifths of a mile long by 
ibout half a mile wide, and located the 





sitions of all mounds and monuments 
ereupon. Bolles also determined the 
ititude of Calakmul as 18° 2’ N. and the 
ngitude as about 89° 52’ W. Finally, 
addition to his work in turning the 





en stelae, Mr. Stromsvik made a num 














THE 


THREE SCULPTURED STELAE 
» THE 








ber 


MONUMENT 


ROOTS COVERING 





ot minor exca 


stratified deposits 


nat 


le a study of 


1 


facts which were 


tate 
( 


the expedition was the discover 
than 51 Initial 


1 
less 


s,° erinders, e 


ne of the m 


number of thes 


time-counts or 


+ 


of potsherds ; 


Vations 


the small 


found, 


LN pol 


; 


Si] 


; 


Series. t 


amazingly 


dates ever 


foun 


other Old Empire city except 
Honduras. Of tl 


ble 
of 
mor 


5] 
date 
of a 
Cal: 
rect 
1 
slabs 
diat 


to decipher the 


Two more 


‘e doubtfully 


Initial Series 


s were identified 


} 


bout half of 
ikmul may he 


ly deciphered 


he dates of the 


rhe name gener 


or blocks 


grinds his cor 





LS number 11 


far as tl ey have 


dates 


probably ; 
In addition 
our Period-Endir 

In all, 


ot 


e 108 stelas 


said To hat 


S 


he 


+ 












Monument 


Stela 


os) 


Da 


» & &. @. 
9 9.10. 0 
9. 9.10. 0 
9.10. 0. ? 
9.10.16.1¢ 
9.11. 5. 0 
9.11. 5. 0. 
9.11. 8.10 
9.11.10. 0 
9.11.10. 0 
9.11.10. 0 
9.12. 0. 0 
9.12. 0. 0 
9.12. 0. 0 
9.12. 0. 0 
9.12. 0. 0 
9.12. 5. 0. 
9.12. 8. 9 
9.12.10. 0. 
9.12.10. 0. 
9.12.10. 0 
9.13. 0. 0. 
9.13.10. 0, 
9.13.10. 0. 
9.13.10. 0 
9.13.10. 0 
9.13.10. 0. 
9.14. 0. 0. 
9.14. 0. 0. 
9.14. 0. 0 
9.14.10. 0 
9.14. 7. 

9.14.19. § 
9.15. 0. 0. 
9.15. 0. O 
9.15. 0. 0 
9.15. 0. 0. 
9.15. 0. O. 
9.15. 0. O 
9.15. 5. 0 
9.15.10. 0. 
9.15.10. 

9.15.10. 0. 
9.15.10. 0. 
9.16. 0. 0. 
9.17. 0. 0 
9.17. 0. 0 
9.18. 0. O. 
9.18.10. 0. 
9.18.10. 0. 
9.19. 0. 0 
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THE CALAKMUL EXPEDITION 








STELAE 28 AND 29, THE TWO OLDEST MONUMENTS AT CALAKMUL 
STAND ON THE NORTH SIDE OF STRUCTURE E AND WERE BOTH ERECT! AM 
10.0.0 IN THE MAYA CHRONOLOGY, WHICH CORRESPONDS TO 364 


CHRONOLOGY, ACCORDING TO THE MORLEY-SPINDEN | 


ed in their chronological order, are comparison 


in the accompanying table; the dates are marked with a singl 


ime of the monument appears in the’ gation point and very doubtfu 
first column; the corresponding date in’ ciphered dates with two interr 
\ iva chronology, in the second column: points. 

corresponding equivalent in Chris In the light of its sculptured n 

in chronology, according to the Mor- ments Calakmul stands revealed t: 

Spinden correlation, in the third a large, somewhat provincial cit 

un ;* and the kind of date, i.e., Class 2, which reached the point 
whether an Initial Series or a Period- ing sculptured stone monuments 
Ending, in the fourth column. The Close of the Early Period (9.9.10.0.0 


rresponding terminal dates of these see accompanying photograph and 
Initial Series and Period-Ending dates continued the practise until toward 
: . ; ; slnose of e ire ory YTV OO0 
ive been omitted for convenience in ©! - the Great Period 
at which time this site seems to | 
According to the Goodman-Martinez-Thomp 
- Ae ' : been abandoned, or at least 
rrelation of Maya and Christian chrono! 
dates in the third column are 259 years social, governmental and 


organization had been reac 


As noted in the text, 9.4.0.0.0 probably is not t contemporan 
perhaps as much as two centuries later. 

Morley Spinden Correlation. 

Stela 35 has two Initial Series, though only the second, 9.11 

s date of this monument. 
‘ Although Stela 9 has two Initial Series, the contemporaneous 


1 by a Period-Ending date, 9.12.0.0.0. 
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tion of two. three. 

9 15.0.0.0) even 

ments, one of which, Stela 
No other city of the Old 

played such consist 

the erection of it 

Calakmul. Ocecas 

two monuments or even 


on the same period- 





Calakmul it 1s safe to say 


cally every lahuntun and 
between 9.9.10.0.0 and 9.19.10 
commemorated by the eree¢ 
than one monument 

While the sequence or tl 
o-year period markers, is by no 
complete at Calakmul as it is 
Piedras Negras or at Quirigua 
ber of stelae found at Calakmu 
several rather than one were 1 
erected at the lahuntun and ka 
ings) is actually nearly two an 
times as large as the number 
found at Piedras Negras and neat 





times as large as the number 








__— 


Quirigua. Provincial as the cit 


THE MUST BEAVIS, OSU to have been, judging from the 


AT CALAKMUL 


sculptured monuments, when it 
Ir IS LOCATED IN FRONT OF THE PYRAMID SUP- 


os © mass production, Calakmul maj 
PORTING STRUCTURE A. THIS STELA (STELA 51) ’ I : : 


BEARS A DATE WHICH CORRESPONDS TO 471 A.D., be said to have surpassed ever’ 


ACCORDING TO THE MorLey-SPinpeN CorreLa- City of the Maya civilization now 
TION. WHEN DISCOVERED IT WAS LYING WITH The Initial Series of Stela 45 s 
ITS SCULPTURED FACE TO THE GROUND wHicn reads 9.4.0.0.0, more than a 
ACCOUNTS FOR ITS EXCELLENT STATE OF PRESER earlier than the next earliest 
VATION. 9.9.10.0.0, recorded on two dif 
monuments—Stelae 28 and 29. H 
was no longer able to erect stone monu-  eyer. the stylistic characteristics of St 
ments of any kind, either sculptured or 48 are such as to indicate strong 
unsculptured. it had been executed at a muc 
The dates on the Calakmul stelae in- date than 9.4.0.0.0, possibly as n 
dicate that the inhabitants of this an- two centuries later. Further. the 
cient city marked the ends of the succes- dated monuments associated with St 
sive five-vear periods of the Long Count ture B, in front of which Sté 
the hotuns—not only by the erection located, all date from 9.13.10.0.0 (S1 
of a single sculptured monument, as was 38, 40 and 41), nearly two cent 
usually the case, but oeeasionally, par- later than 9.4.0.0.0. Finally, ther 
ticularly on the lahuntun and katun- a number of Calendar Round dat 
endings (7.¢., the ends of the 10- and 20- the inscription on Stela 43, whi 


year periods successively) by the eree- though apparently without con! 





lL EXPEDITION 


‘ 


approximately 10 


‘e Structure A is built 

igher eround than Strue 

‘ris in reality the hig! 

much the larger, cover 
125 feet square, compared 
roughly P50 feet square, covered 

Structure A. Structure B also, jude 

from the dates of the monuments 

ssociated with it, is 30 years older than 

ructure A, having been dedicated in 
13.10.0.0, whereas the seven stelae 
ssocilated with Structure A were 

irly dedicated on the katun-ending, 
115.0.0.0. 

‘he only building sufficiently _pre- 
served to permit the reconstruction of 
ts ground plan is Structure C, of which 
Mr. Ruppert made a close architectural 
study and measured ground plan (see 
companying plan). This building is 
mposed of two wings at right angles 
to the main middle section and it had 
riginally twelve chambers and probably 
i roof comb.* 

As Bolles was scouting through the 
rest with his gang of bush cutters 
pening the main lines of sight for the 
ise map, he discovered many new 
monuments not found by Lundell. In 
fact, most of the 41 new stelae reported 


hy 


by the Calakmul expedition were found 
by Bolles in his exploration of the site 
incident to making the survey for the 


ase Map. 
An interesting discovery was that of 








d large sculptured outerop of limestone i * 2 de. -s See j 
ear the middle of a small plaza just DATE GLYPHS ON STELA 89 


T : i CAR MO M Fé 
‘The roof-comb in Maya architecture, as i . 


implies, Is a superstructure built } Tr OF STRUCT 


f Maya buildings for decorative purp ORRESPONDING TO 
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a aie ‘ 
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STRUCTURE C, LOOKING NORTH 
THIS IS THE ONLY STRUCTURE AT CALAKMUL SUFFICIENTLY PRESERVED TO PERMIT THE RI 
STRUCTION OF ITS GROUND PLAN. ORIGINALLY IT CONSISTED OF TWELVE CHAMBERS ARRANGI 
TWO WINGS AT RIGHT ANGLES TO THE MAIN MIDDLE SECTIONS (SEE GROUND PLAN 








THE 
k (see illustration When this 
was finally cleared it was found 
aXIs 


long 


irregular oval, the 
oe 21 feet, the short 


aXis, 17 


top of the outcrop was 


entire 


six or seven nude 
figures, the tallest 
eight: all these had thei 


the cords 


d with 
being nine 
arms 
behind their backs, 
clearly There 
panels scattered over the 
to the fact that these 


are several 


outerop 
ite had been 


d toa maximum of weathering as 
s to the fact that their relief was 
than that of the 


s the interior details of the signs 


ower captive 


id entirely disappeared 
Other carving on living 
in the Maya area of similar char 


outcrops ot 


‘are: the sculptured toad on a pro 

o ledge of the native andesite on the 
south side of the Copan Valley in Hon- 
Rock at 
the 
flat 
iterop of limestone at Chichen Itza, 
Yucatan, Mexico.’ Mr. Stromsvik built 
platform 17 feet above this sculptured 
rock at Calakmul, from which the design 


the so-called Sacrificial 
Negras, 


jaguar, 


luras ; 


Guatemala; and 


Piedras 


sculptured on a 


st ilking 


was photographed by flashlight at night 

Another find, possibly more significant 
scientifically, was Bolles’ discovery of an 
ancient quarry a short distance north of 
the Main Plaza. Here two large blocks 

stone, which, judging by their size 
ind shape, probably had been intended 
for use as door lintels, are only partially 
quarried, one end and one narrow edge 
f each still remaining fast to the bed 
were be- 


Carnegie In 


f limestone from which they 


5**The Inscriptions at Copan,’’ 

stitution of Washington, Pub. No. 219, by Syl 
vanus G, Morley, pp. 377, 378. 

®**Researches in the Central Part of the 
atsintla Valley,’’ Memoirs Peabody Mu 
Harvard University, Vol. II, No. 1, by 

bert Maler, p. 42, and plate VII, No. 1. 
Institution of Washington Year 


k, 1923, p. 216. 


‘arne gie 


CALAKMUL 


MAPEDITION 


Whi 
identifi 


sufficiently 


Ing worked 
definitely 
sites are 
ment, and the one 
Calakmul is perhaps a 
of this kind yet report 
Empire Site 

After 


Stromsvik dev 


turning 


time to minor exe 


ing in Tront 


“ae, iN 


surprising 


GROUND PLAN OF STRUCTURE C 


to hight In faet, five ten-gallon gas 


line boxes of fragments were brought 
back to Chichen Itza, probably the larg 
est collection of potsherds ever obtained 
In addition 
able to eol 


entire piece 


from any Old Empire site 
0 this work, Stromsvik was 
ct parts the 
of at least 15 different metates 

One of 
having seen, two years before, a 
some 15 to 18 


1 
} 
I 


sometimes 


Ruppert *s laborers reports ad 
group 


of ruins miles by trail 
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hammock. The next morning 
courage and fortitude, althoug] 
fering from fever, he drage 
about the ruins until ten o’ 
he collapsed 

In spite of the very limited 
J able and Ruppert’s serious 


incredible amount of work 


zs plished In place of the th 


A " 
WF _«, ifs tured monuments reported 
ars ‘3 chiclero, 23 monuments wet 


The site, Bolles reports, is 
I 


r 
a 











‘ULPTURED OUTCROP OF NATIVE 
LIMESTONE 
THE HEAD OF THE PRINCIPAL FIGURE. 
FEET BY 21 FEET Is CoveRED wirn make a sketch map of only t! 


two large terraced platforms 
side of a small ravine. He |] 


VE FIGURES REPRESENTED WITH ARMS platform where the 23 stelae ar 

BEHIND THEIR BACKS. THE LONGEST OF A hasty exploration of the east 

THESE MEASURES NINE FEET. form. however. failed to bring 

any other monuments, though s 
northeast of Central Buenfil near the  peyertheless be there. he believes 
former chicle camp of La Muneca. In 
addition to the usual mounds, pyramids 
and fallen structures, now overgrown by 
the forest, he stated that there were three 
carved stones like those at Calakmul, 





two standing and one fallen, with ‘‘let 
ters’’ on them, ‘‘letters’’ being the ven- 
eral designation for hieroglyphices among 
chicleros throughout the Old Empire 
region. It was obvious that this in- 
formant was describing a site where 
there were at least three sculptured stone 
monuments. 

Messrs. Ruppert and Bolles, having 
completed their work at Calakmul a day 
before the other members of the expedi- 
tion were ready to leave, decided to pay 
a brief visit to the newly reported site 
near La Muneca. They left Calakmul 
on the morning of April 23, reaching 
Central Buenfil in time for an early 
lunch, then pushed on to the new site 
the same afternoon. In the dry season PT - 
the nearest water to this site is four or | - wo 


five miles away and it was necessary for OUTCROP OF NATIVE LIMES’1 





the party to make a dry camp TWENTY-ONE FEET LONG AND 15 FEE’ 

That same afternoon Ruppert, while wuicn appear THE SCULPTURED FIGI 
making a preliminary examination of prisoners. A PLATFORM WAS BUI 
the ruins, was stricken with his first at- ABOVE THIS OUTCROP IN ORDER TO P 
tack of fever and obliged to take to his THE FIGURES. 
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neither member of the party The discovery 


vrapher, t} ey were both able To Stela 16 is perhay 
n thelr very cursory examina single contribut 


+ 


the monuments, at least four’ It is anoth 


Series. of which they deciphered ing cultural chi 
al 


f of the Yueat 


{ 9.18. 0 531 southern halt 


tes of three 


9.19. 0. 0. ) Empire came 
l the close o 
ties, Some time 
reeords the same katun-end- of Baktun 10 
80 at Calakmul, and the Bolles rejoined t 
same katun-ending as Stelae at (, ton Bue 
ind 64 at Calakmul. Stela 16 at April 24 
site records the date 10.2.0.0.0 Earlv next 
1) 60 years later than the py teach for 
at Calakmul; (2) 10 years — knuckle 
r than the only surely deciphered | ir ina 
at Chichen Itza; (3) 20 years fternoon of 
4a Gloria on 
Empire region; and (4) 40 nile ride to Kana 
ater than the latest dated object , 


the Old Empire regvion 


er thi 


an the latest dated monument 
Old 
on River, the 
motor-boats d 
‘This is a tubular jade bead found by Dr 
Thomas Gann on the Rio Hondo in British 


ras in 193!. It records the date 10.4.0.0.12 morning, where 


reaching there 


as Period-Ending. ing to carry the 








AN ANCIENT QUARRY ON THE NORTHERN OUTSKIRTS 
TWO BLOCKS OF STONE ARE HERE SHOWN IN COURSE OF BEING QUARRIED 
THE NATIVE LIMESTONE OF THE REGION. 
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LA GLORIA, 


ON THE ROUTE TRAVERSED BY THE CALAKMUL 

FROM PLATFORM CARS DRAWN BY 

THROUGH THE HEART OF THI 

to Champoton at the mouth of the river 
of the same name. 

Here the expedition changed to a small 

schooner with auxiliary engine and pro- 


ceeded by sea to Campeche. The Insti- 


tution party, again most hospitably en- 
tertained by Mr. and Mrs. Brydon, left 


Campeche for Merida the next day. 
Messrs. Ruppert, Bolles and Stromsvik 
returned to Chichen Itza, April 30, the 
writer and Mrs. Morley the next day, 
May 1, having been absent from Chichen 
Itza just four weeks to the day. 
Perhaps the greatest scientific contri- 
bution of the Calakmul expedition is 
the discovery of such a large and defi- 
nitely Old Empire city having such a 
wealth of sculptured monuments so far 
north as the southern part of the state 
Previous expeditions, also 
working from the north, had found in 
central Campeche sites more characteris- 
tic of the New Empire cities of the north 
than of the Old Empire cities of the 
south. The discovery of Calakmul, with 
a definite Old Empire flavor, both in its 
architecture as well as in its seulptured 


of Campeche. 


RAIN FOREST TO WITHIN A FEW 


CAMPECHE 
EXPEDITION. AT 


THIS POINT CHANG! 


MULES TO A FIVE-TON MOTOR TRUCK WHICH CARRIED 


MILES OF CALAK) 


monuments, at the very heart 
Yucatan Peninsula, midway betw 
earlier cities of northern Gu 
(the Old Maya Empire) and 
Yueatan (thi 


fills a geograp! 


cities of northern 
Maya Empire 
spot in our picture of Maya civ 
and satisfactorily bridges the 
tween the two regions. 

A number of other archeolog 
described as having sculptured 
ments, located in the same genera 
as Calakmul, not only in s 
Campeche but also across the li 
northern part of the Depart: 
Peten, Guatemala, hitherto unvisit 
scientific expeditions, were report 
the writer and it is planned to s 
other expedition into this new 
logical sub-provinee during the next 
(1933 Indeed, 
most important immediate result 
Calakmul expedition may be said 
the opening up, the first general 


season perhaps 


so to speak, of this scientifically siz 
eant region, the no-man’s-land b: 
the Old and New Maya Empires 








THE PARADOX IN NATURE AND 
MATHEMATICS 


By Professor AUBREY J. KEMPNER 


I. WHat do we 
e broadest sense, 
idoxieal anything whic conflicts 


‘‘eommon sense.’’ In a narrowe! 


I consider a paradox In sclence a 


tatement which apparently admits of a 
logical proof, but which, on the 


i 


ther hand. contradicts facts or conclu which 
whieh are established beyond a_ sophisms or 


bt. It sounds in itself a little para generation or 
sical to distinguish between *‘common_ their proud sta 
and a logical proof, but 1 think We may pi 
] 


mav agree that iere Seems some that ] equals 2 


es to exist only a small correlation freshmen t 


; 


tween the two. bility of divisio 


According to these definitions, a para On aslig] tly | 


x is something relative. What at one’ ing‘ proof’’ th: 


ige of the development of a science or = equal Fig. 1 


the individual mind may be a para three figures 

x will, once we clearly establish a_ be the two give 
lacy in the reasoning or once we ac- sumed distinct. | 
pt as in agreement with common sense chosen of arbitrar 
methine which heretofore had _ not made equal to At 
en acceptable, become simply a_ pendicular bisect 
phism or a puzzle. As Rousseau said, respectively It 
‘A paradox is a truth which has come 

the world a century too soon.”’ 


‘hen, onee we see what is behind it. 











THE S¢ 


\ BEG; AG 

\ DFG; CG 

\ BDG 
BAG 


BG: 
DG: 
CAG 


ABG, DBG, 


BAG + ZCAG, B ABG DBG: 


CAG BAG, 6 DBG \BG. 


lies in- 
AB, or 
eontrary to 
all 

for; 
eareful drawing will immediately 


Thus, in every case, whether G 


side the quadrilateral, or below 


above CD, we have a=6, 


assumption Apparently, logical 


possibilities are accounted but a 
reveal 
a neglected possibility. 

Not quite so easy to see through is the 
Fig, 2 


Consider a semi-cir- 


l 


following. 





Fig 2 
cumference |, of a cirele of diameter 
mc 


d, so that | As second step in our 


process, construct the two equal sem1- 
as third step, the four 
ete., ete. the 
length of each wave line between A and 


rc 


circular ares | 
Clearly, 


ares | 


equal 


that is, 1, =2l,=41 


B is equal to 


rc ; 
SL, =...== Now 


the argument is 
this: since at every step, however far we 

; ee. 
go, the length of the wave line is —, it 


vd . << 
must also be —- in the limit, when we 


repeat the process an infinite number of 
But then the wave line goes over 
the diameter AB=d, and thus 


times. 
into 
ad 


5) 


d, TT 
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True it is, of e 


the diameters 


small 
be chosen, the leneth 


ail 


always However. 


holds only as long as we re: 
ing with a wave line m: 
cireles When we pass 
allowing the diameters o 
cles to reduce to zero, 
curve, the original diameter 
of the same character as 


wave lines L, | cod 


We shall have, it is true, 
N 


but this 


eerning what happens when th: 


ters approach 0. and 


savs I 


a 
diameters being + 


cerning the 
In this case, there is a clear 
eal reast ning. 


the same kind 


By 
V2 


tions indicated by 


"Fr pre ves 7? 


A 
A 


only gives us informat 





A | 
ing the zigzag lines along 
AB with the diagonal itselt 
An 


affairs, but more analytic in 


of the 


illustration sami 


is the following: Consider 
x(] x x*(] x 
This is equal to 
] 
1-x 


But for x=1., 


x 1-x 


Q = x .« 1. 


one 


each term of the original series |! 
therefore each term is actually 


is approaching 0), and 0+ 0+ 0 


even though we have an infinite 


} 
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To the mathematician, the 
av have been created from an 
simal. but not from nothing, 0 


anv x, 0 = x < 1, we have 


x x" (1-x) =0 
a= i 
Graphically, the sum s(x) of 

ries, as a function of x, is repre- 
ya 45°-line from (QO. OU) to (1, 
it from which the point (1, 1) has 

1 broken out and dropped to (1, 0 

x-axis, leaving the diagonal with- 
upper 


last point at its end. 





(1,9 
Fig. 4 

Another mathematical phenomenon of 
paradoxical appearance is the so-called 
onditional’’ convergence of a series, 
ording to which the sum of an in- 
inite series may sometimes be changed 
‘merely changing the order in which 
terms are written down. For ex- 
ample, 1-4+4-3+}3-3+---=log, 2. 

Rut / 1 1 
but (1+4)-4+ (+4) —-32+ (4+7,) 
~g+...=3/2 log, 2. Now this is very 
remarkable, because the first and second 


» 


‘ries contain exactly the same terms, 


since, obviously 
second series is 1 
taken from it 

the first series 

or later in the 

trouble in this case 

infinite nun 
it liberty to chang 


the order of summation ist aS we 0 


tion that in a series of an 
ber of terms we art 
te number of terms 


in a sum of a fini 


In other words, we are without justifi 
tion assuming that the e 
of addition, (a+b=b+a), which d 
hold for a finite 


mmutative 
number of summands, 
will necessarily hold also for an infinite 

Here, 


were over 


number of summands. again, cel 
tain logical 
looked. 

Ill. From the ancient Greeks we have 
inherited a fair number of paradoxa. | 
do not know whether their explanation 


possibilities 


was usually known to the philosopher 


proposing them, but there can be n 
question concerning their influence o1 
the thought 


Some of them are, even to-day, of con 


development of Greek 


siderable philosophical and metaphysical 
interest, since they deal with the same 
notions of infinity, limits, continuity, 
which are at the bottom of most 
our modern paradoxa in mathematics. 

I mention first the mathematical para 
dox of Achilles and the tortoise: Assume 


Achilles to run ten times as fast as the 


ete., 


tortoise ; yet Achilles can never overtak¢ 
the tortoise if it is given a start (of, say 
100 yards; but the actual 
quite immaterial in the argument). In 
ordinary English, the argument 
before Achilles reaches a point which 


distance 
is that 
was passed over by the tortoise, the tor- 


had time to 
Achilles reaches the new point, the tor- 


toise move ahead; when 
toise has again moved on, ete. It is 
rranted that Achilles comes closer and 
closer to the tortoise, but it is claimed 
that he never will be ahead of it. With- 
out the mathematical conception of an 
infinite geometrical progression with a 
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finite sum, it really is impossible to sat- 
isfactorily explain the logical difficulties. 

Xeno’s paradox of the arrow claims 
that a flying arrow must really be stand- 
ing still, because, before it reaches any 
given point A, it has first to reach the 
point B midway between A and its 
point of departure, O; before it reaches 
this point B, it has first to reach the 
point C midway between O and B; and 
soon. Finally, the arrow can never get 
started at all. The difficulty lies in 
vaguely formulated notions of continu- 
ity. 

A purely logical Greek paradox is the 
one of the lawyer and his pupil. A 
famous lawyer agreed to instruct a can- 
didate in law on the following terms: If 
the candidate won his first case in court, 
he was to pay a stipulated sum to his 
teacher; if he lost his first case, the 
teacher had no claim against him. 
After completion of the course, the stu- 


dent refused to pay and was sued by the 


lawyer. The argument is: This is the 
pupil’s first The lawyer says, 
‘*You must pay me whether you win or 
lose:the case; if you lose, because you 
are sentenced to pay by the court; if 
you win, by the terms of our agree- 
ment!’’ ‘‘Nay,’’ says the student, ‘‘in 
no case do I pay; if I win, I do not pay, 
by the verdict of the court; if I lose, I 
do not pay, by the terms of our agree- 
ment.’’ It is of course not admissible to 
use two standards of decision, as is here 
done. 

A similar paradox, of the crocodile 
and the child, will be familiar to many 
readers. 

Of considerably greater philosophical 
interest than these is the famous para- 
dox of Epimenides the Cretan: Epi- 
menides of Crete said: ‘‘ All Cretans are 
liars.’’ Now, Epimenides is himself a 
Cretan, therefore what he says is a lie. 
Therefore the Cretans are not liars. 
But Epimenides is himself a Cretan; 
therefore what he says is true; there- 


case. 
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fore the Cretans are liars. Now 
a. C. , In infinitum.—Obvyi 
order to draw the first conelusi 
must have E. ** Everything 
any Cretan says, is a lie.’’ T| 
conclusion then is, *‘ Not everyt 
every Cretan says, is a lie,’’ 
this, and the fact that E. is 
Cretan, follow that 
said is a lie. 

As a last paradox in this class 
tion a modern one, the so-call 


say: 


does not 


} 


ard’s antinomy, which has led t 
controversies. We admit definit 
numbers, but each definition is 
tain not more than one hundred 
digits, mathematical symbols and 
tuation signs; words are to be 
English language. For exam; 
(two symbols), twenty-two 
bols), 2x11 (four symbols) all 
the same number 22. Obviously, 
exist only a limited number of poss 
combinations containing not more t 
one hundred of these 
therefore, a limited number of diff 
numbers which can be described by 
Therefore, there must be 

number which can be deseribed 
fined by not more than 
symbols. So far, so good! But 
consider the number defined as f 
The largest number which can 
scribed by one hundred or feu 
bols, plus one. We have used sevent) 
(less than one hundred) of our sy: 
(ineluding the hyphens), and have est 
lished a bad contradiction, by construct 
ing a number larger than the largest 
which could be constructed. Thes 
of error in this paradox lies at the | 
tom of some of our most vexing m 
mathematical paradoxa. The tot 
we are dealing with, while it seer 
mean something definite, is no 
well defined. 

IV. To most of us the belief is n 
inescapable that there exists a harm 
between the phenomena of nature 


symbols 


use. 


one hr 


matiea 
the an: 
that tl 
represt 
r, as’ 


tional’ 
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vsies, chemistry and the other 
nees, and the ability of the human 
nd to express the phenomena in what 


»ppeals to us aS a natural manner, by 

-. essential use of numbers, time and 
This belief is equally strongly 
nerained in our minds, whether we be- 

ye in some marvelous dualism between 

. exterior world and the mechanism of 
iy minds, or whether we consider the 

rid. as it ean be known to us, a crea- 
ion of our minds, and the laws of na- 
ture nothing but an expression of the 
structure of our laws of thinking. 

What do we encounter in reality? 
We very soon find in nature quite 
fundamental quantities, in terms of 
which many phenomena are described, 
ind which one would expect to be of 
simple natural structure, whereas they 
ire really of extreme complexity. Con- 
sider, for example, areas and circumfer- 
and volumes and 
surfaces of spheres. These con- 
tinually in the explanation of natural 
phenomena. But mathematical 
‘oncepts lead immediately to the num- 
ber m, @ number which has worried 
mathematicians for more than two mil- 
Let me say about n that it is 
ne of the very worst kind of numbers 
ne can have to deal with, a so-called 
transcendental number. However far 
ne goes in the decimal expansion of 
1=3.1415926 ..., nobody has 
liseovered even the slightest trace of 
any law for the digits; m has been com- 
puted to 707 places, but nobody in the 
world can at present from these 707 
ligits predict what the 708th digit will 
be. This is only one of its mildest forms 
f contrariness. 

A similar situation, though mathe- 
matically of less complexity, confronted 
the ancient Greeks when they discovered 
that the diagonal of a square can not be 
represented as any fraction of the side, 


nees of cireles, 


occur 


these 


eniums. 


ever 


‘ 


‘irra- 
this 


tr, a we now say, that \/2 is an 


tional’? number. For centuries, 
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represented to the Greeks a true para 
dox; the 
irrational numbers is very delicate, and 
the difficulties were not completely con 
quered before the latter part of the 
nineteenth The influence of 
this paradox on Greek thought 
philosophy was very profound. It 


question of ‘‘existence’’ of 


century. 
and 
has 
been suggested that the very name irra 
tional number bears traces of the diffi 
culties encountered when such numbers 
were introduced. 

Or, take yet another number, as im 
portant as m for the quantitative descrip 
tion of phenomena, and every bit as 
unnatural in its the famous 
number e=2.71828.... Whenever in 
a physical or chemical formula we run 


across a logarithm, its base is originally 


behavior, 


not 10, or any other reasonable number, 
but instead, this number e, for which the 
logarithm has first to be transformed to 
a base 10 
make computations. 
Again, consider the 
angles, which surely represent a basic 


before we can conveniently 


measurement 
Our degree unit 


concept in the sciences. 


is avowedly entirely unnatural and 
artificial. 
mathematics 
natural or 
then what? 


one we deal with incessantly, is the right 


All formulae in physies and 
use 
But 


The simplest of all angles, 


are simpler when we 


radian measurement. 


) 


angle, and this is now equal to n/2 
=-1.57079... radians. It is 
make one begin to sympathize with the 


enough to 


legislature of one of our states which, 
many years ago, all but passed a law, 
according to which m= 22/7. 

Finally, one of the quite fundamental 
concepts in nature is rotation about a 
Yet, to handle this in a 
satisfactory manner, it is desirable to 
Hamilton’s 
nions; and these are again quite unnat 
ural to common sense, since they do not 
obey the so-called commutative law of 
multiplication, that is, if a and b are 


point in space. 


introduce so-called quater 
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two quaternions we do not necessarily the sum of the angles of a triangle 
have a: b=b-a. be 180°, but on Tuesday, Thursda 

Does it not seem paradoxical in the Saturday it shall be 179°. The d 31 
sense that it offends our common-sense ing feature of the situation is that 
feeling concerning things in nature, as_ probably could be done. But sur 
they are and as they ought to be? the name of common sense, whic 

V. We carry this idea a little further. us that if one is ‘‘true,’’ the ot 
Just as we feel that there should be a ‘‘false,’’ we have a paradox of t! 
perfect correspondence between actual serious nature. So serious, indeed 
phenomena and the mathematical for- for many orthodox thinkers the | 
mulae expressing them in terms of quan-_ tions of all true science appear u 
tities which appeal to us as natural and mined. The new, and terribly cor 
simple, so do we also have the strongest cated, theories of Schrédinger, Heis 
conviction that there must be a uni-_ berg, de Broglie may possibly bridg 
form, consistent method of expressing the gap between these two conflict 
all phenomena, in the sense that the assumptions, but perhaps only 
foundations of any one branch of science expense of other assumptions 
must not logically contradict the foun- equally paradoxical nature 
dations of any other branch. (This In pure logie and in the foundat 
conviction is of course at the source of of mathematics, we are encountering 
the so-called conflicts between science same kind of perplexing trouble, i: 
and religion). In the past, this was question of the validity of the law 
considered a consequence of the very excluded third, in the form in whi 
laws of thinking: that if the fundaments is commonly applied in mathematics 
of one branch of science contradicted To give one more illustration, com 
those of another, they could not both be the static model of the molecule whi 
‘‘true.’’? Consistency was axiomatic, the chemist creates, with the dynam 
anything else was unthinkable. To-day, model of the physicist. In this case ) 
there is a strong tendency to take amore do perhaps not have a true paradox; 
empirical view. Our phénomenological is thinkable that the chemist works wit 
way of dealing with nature seems to be the static model instead of the dyna 
leading us to the possibility of a schism. because it is sufficiently complicated | 
At present, for example, the radiation his purposes, and the dynamic n 
theory seems to be based on an emission would not give him any clearer insight 
theory, while the greater part of optics into his problems. However, it is 
is based on an undulation theory. Now possible that changing from the stat 
these two contradict each other. In for- the dynamic model would be inconsis 
mer times, this would have been (and _ tent with the deductions and conclusio! 
actually was) considered an intolerable of the chemist from his static mode! 
state of affairs. At present, physicists We see that it is hard to cling to « 
apparently still hope that a reconcilia- old cherished notion of a kind of pr 
tion will some time be effected; but there ordained, pre-established harmony 
also seems to exist a frame of mind tween nature, as reflected in its phenom 
which contemplates at least the possibil- ena in physics, chemistry and the ot 
ity of further development along these natural sciences, on one hand, and our 
separate lines, without ever integrating mind, expressing itself in terms of tin 
the two into a common system. Off- space and number, on the other hand. 
hand, it looks a good deal like saying VI. In a still broader sense, we en- 
that on Monday, Wednesday and Friday counter this paradox in an even m 
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mental aspect. There exists, and 
.xisted since centuries, a large and 


men to 


ntial school of scientific 

m it is a dogma that all psychic 

ns and reactions are determined by 

motions of atoms and molecules, and 
uniquely decided by these motions. 
ther words, all psychic reactions 
in a reflected manner, the law of 

’ 150 and effect as we know it in physics. 
However, it should be stated that this 
| is fighting with its back to the 
against certain theories which ex- 
iin molecular motion in terms of 
babilities of occurrences, in 
at the same manner as a life-insur- 
e company bases its business on 
irely statistical data.) When followed 
nsistently, this mechanistic attitude 
the doctrine of determinism, 
with a philosophy of fatalism hovering 
in the background. Here, at least, the 
uman mind does not seem to be 
pressed by the necessity of consistency, 

r, regardless of scientific convictions, 
nobody seems to act in life on the as- 
sumption that we do not possess freedom 
f action. 

VII. Our next topic is again of con- 
siderable mathematical interest. When 
we draw a continuous curve, we shall 
ordinarily have at each of its points a 
definite tangent, that is, a definite direc- 
tion. We may of course have on our 
‘urve a finite number of points for 
which there is no tangent, as at A, B, C 
In Fig, 5. But it is quite impossible for 


some- 


ids to 


Op- 


C 


uS TO concely 


which has at n 
astounding thing 


do exist; expressed 
terms, there exist fi 
ous in a given inter 
where differentiable. 
simple such 


Figs. 6a, b, e. 





Fig, ba 


eae 





Fig 6b 


aAYXNa AYNa 





Fig, 6c 


cated is in each step to take the middle 
third and over it to 
erect an equilateral triangle. This proc 
indefinitely, and the 


of each segment, 


ess is continued 


; ‘ 


curve to be considered is to consist of 
the totality of all vertices so obtained 
One sees rather easily that, if one re- 
members the definition of a tangent as 
the limiting position of a secant when 
the two points on the curve appr 
other, will 


tendeney to swing around violently as 


acl 
acn 


each the secant have a 


the points come closer together, instead 


of coming to rest. I only mention that 
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this curve has, as is very easily shown, 
the further remarkable property that 
the distance between any two of its 
points, measured along the curve, is in- 
finite in length, however close the points 
seem to be.—The origin of the difficulty 
may be described as follows: from our 
knowledge of the curves which we are 
familiar with in ordinary mathematics, 
property which we call 
continuity of the curve.’’ We then 
proceed to define this continuity in 
mathematical terms. Once this step has 
been taken, our hands are tied, and 
a curve is ‘‘continuous’’ when and only 
when it satisfies this technical definition. 
However, it may happen—as in this case 
—that our technical definition admits 
possibilities which we had not consid- 
ered when the definition was set up. 

Here we have a situation which looks 
like a true paradox until one goes very 
carefully and searchingly into the foun- 
dations of analysis. Such curves are 
often very expressively called crinkly 
curves. 

It has even been suggested that possi- 
bly we deal in nature frequently with 
such crinkly curves. If we consider the 
barometric pressure as a function of the 
time, we get a zigzag curve like Fig. 7, 


Be eS A fr 


we deduce a 


ee 


Fig 7 
and if we enlarge the curve, then, within 


the limits of accuracy of the recording 
instrument, we still have the same kind 


of zigzag curve. Have we really any 
guarantee that, however much we en- 
large the scale, our curve will ever re- 
duce to a decent smooth curve? 

That phenomena in nature are at least 
continuous has been, up to recent times, 
axiomatically assumed. ‘‘Natura non 
salta facit.’’ But it is rather new to 
assume that she may possibly operate in 
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such freak curves. Incidentally, j 
be mentioned, as entirely in ke 
with our modern revolutionary 
cies in the interpretation of sci 
that we are beginning to doubt the 
tinuous nature of phenomena in ge: 
The so-called ‘‘Quantum’’ theories 
their newer forms invade not on): 
physical fields of matter and energy. 
also our metaphysical notions of s 
and time. 

VIII. Our last have 
doubtedly carried us into the domai: 
true paradoxa. The outstanding ex 
ple at the present time, as far as 
ural phenomena in their connectior 
space and time are concerned, is 
theory of relativity. 
time to lose their individuality, to m 
them into one more comprehensive w 
represented by ‘‘world-points,’’ cont 
dicts so utterly our naive common-s 
conception of space and time that 
can accept it at all only by looking o1 
as the final step in a direction mark 
by many previous evolutions. Of t! 

I should consider two of outstandi 
importance for our purposes: 

The assumption of a spherical eart 
rotating about its axis introduced a very 
tame type of relativity of position in 1 
sense that ‘‘above’’ and ‘‘below’’ 
quired different meanings for differer 
observers, according to their posit 
and a very tame type of relativity 
time in the sense that two different 


examples 


To allow space and 


taneously have noon, according to their 
position on different meridians. Most 
will remember the amazeme! 
and incredulity with which we, as ¢ 
dren, received the information that 
Australians were walking on the bot schef 
tom of the sphere without falling asser 
and that Europeans were eating lu! *h rie: 
when we were getting out of bed. 

The other important step was the in- 
troduction of non-Euclidean geomet?) 
in the first half of the nineteenth cen- 


of us 
space 


Riem 


Pia” 
101; 
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As is now well known, this settled 
problem of twenty centuries’ standing, 
rning the foundations of geometry. 

f Euclid’s axioms, namely, the 
ement that in a plane there is, 
ugh a point outside a given line, 
ys one and just one line which does 

er intersect the given line, however 
one goes on either side, occupies a 
rent position in the system from 
of any of the other axioms. We 

nav formulate the distinction in this 
.y: The other axioms may be verified 
in any given case by a figure; but this 
:xiom, the so-called parallel-axiom, can 
verified, the lines 
would have to be continued indefinitely 
‘or verification, and this is not really 
possible. As the final outcome of cen- 
iries of efforts it was discovered that 


il 


because 


not be SO 


perfectly good geometries could be built 

p by leaving all other axioms quite 
inchanged, but replacing the parallel- 
ixiom by either one of the two following 
ixioms: (a) there is no line through the 
point which does not intersect the given 
line; (b) there is always more than one 
ine through the point which intersects 
the given line. These two new types of 
geometry are the Riemann geometry and 
the Bolyai-Lobatschefski geometry. 

The fact that assumptions (a) and 

b) seemed contrary to common sense or 
conflicting with preconceived notions of 
the character of delayed the 
development of the theory for centuries. 
The assumptions themselves appeared 
paradoxical. 

By their admission, we run into an- 
other serious difficulty: we now have 
three different ‘‘possible’’ types of 
space, the ordinary Euclidean space, the 
Riemann space and the Bolyai-Lobat- 
schefski space. In what sense may we 
assert that these three types of space all 
logically exist, since apparently each one 
logically contradicts the others? It be- 
comes necessary to consider them as 
three illustrations of a general geometry 


‘ 


‘ 9? 
space 


comprehending them all, just as, in our 
concept of a triangle, we have acute, 


obtuse and right triangles, 


mutually 


although the 


three are exclusive 


when applied to any particular triangle 


types 
This problem has been of quite out 
standing importance in philosophy and 
metaphysics apart from mathematics, 
because it deals with the question of the 
actual character of the space we live in 
It is not easy to understand the implica- 
Is our space Eu 
non-Euclidean? It is 
apparently a question which has to be 
determined by observation. In the 
depths of our mind there are no hidden 


tions of the question: 
clidean, or is it 


resources which can assist us in forming 
a decision. Already the immortal Gauss 


made astronomical and terrestrial mea 
surements for this purpose, but without 
definite results. 
not 
nearly’’ so. 
tain relativity in our concept of space; 
it is no longer absolute. 

In this way the human mind has been 
gradually prepared for the theories of 
relativity, but the prediction may be 
ventured that it will be a long time be- 
fore the theory will be generally ac- 
cepted as at all satisfactory to 
common-sense notions of space and time. 


IX. As a last, 


Certain it is that if our 
Euclidean, it is 
Here, also. we have a cer- 


space is ‘‘very 


our 


extremely important 


and interesting example of paradoxa | 
mention : 
numbers, which are from a purely logi- 


some properties ot rational 


completely understood. 


eal standpoint 
but which will always seem paradoxical 
when judged by intuition. This whole 
group is only about half a century old, 


¢ 


and has brought in its train a flock 
perplexing questions which are not 
completely 
of. 

We recall the familiar representation 
of real numbers by points on a straight 


and satisfactorily dispo 


line, once the two points representing 0 
and 1 are arbitrarily chosen. We shall 
consider only rational points, + m/n, 
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including positive and negative integers 
(n=1). We may even for our pur- 
poses restrict ourselves to the interval 
0=x=1. Between any two distinct 
rational numbers of this interval, m,/n, 
and m,/n,, there is at least one more ra- 





tional number, for example, (m, +m, 
n, +n.,), and therefore an infinite num- 


ber of rational numbers between any 





two rational numbers, however close to- 
vether these two were chosen. But this Fig. 8 
is only a beginning! 

If we assume a finite universe, then, 
however large it may be, it can contain 
only a finite number of electrons; there- 
fore, in any interval, however small—for 
illustration, consider the interval of 
length .0000001 between .2385724 and 
.2385725—we have infinitely more ra- 
tional numbers than there are electrons 
in any finite universe. 

But the rational numbers only begin 
to exhaust the totality of numbers in an 
interval. Besides the rationsl numbers 
we have so-called algebraic irrational 
numbers, and these are vastly more 
numerous (in a certain sense) than the 
rational numbers. And after these alge- 
braic numbers come the so-called tran- 
scendental numbers, to Which e and n 
belong, and these are (in every sense) 
infinitely more numerous than the alge- 
braic numbers. Quite interesting, but 
not very deep-lying, apparent paradoxa . . 
can be formed along these lines. For @bitrarily small fraction of tl “en 
example, we may show that of two seg- © - - - 1 is covered by any of t! 
ments, one longer than the other, ments. To fix ideas, assume tl 
(a) the longer contains more points little segment is so placed 

than the shorter: corresponding number (that is, 
(b) the longer contains just as many corresponding point) that the po 

points as the shorter; in the center of the segment; 
(ec) the shorter contains more points point 1/2 place a segment of 

than the larger. 1/100; over the point 1/3 place 
It will suffice to ‘‘prove’’ (ce). Let ment of length 1/10°; over the | 
AB be the longer, A,B, the shorter, seg- 2/3 place a segment of length | 
ment. Assume them arranged asin Fig. over 1/4, 1/10°; over 3/4, 1/10 
8. Then: (1) To every point in AB _ It is then true, although here not p1 
corresponds a point in A,B,; (2) There that the sum of the lengths of al! 
are points in A,B, to which no point in ments over all interior rational | 


AB corresponds.—The expla: 
the ‘‘paradox’’ lies in the fact 
hereby demonstrated—that it is 1 
ically permissible to speak of t 
ber of points’’ in a segment in t 
that we speak of, say, the nur 
apples in a barrel, or the 1 
(finite) of electrons in a finite wm 

More serious, because utterly 
cilable with intuition, is the f 
paradox, the last one we shall n 

We have seen that the ratio: 
**dense’’ that in every 
val, however small, we have an 
number of them. How, then, is 1 
lowing possible ? 

Consider all rational numb 
interval 0...1, omitting, for sim 
the points 0 and 1 themselves. 
each one of these, little segments « 
placed, and the lengths of th 
ments can be so chosen that 


bers are so 
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be the sum of the geometrical pro-_ logic, our ideas of cause and eff: 


1 ] 1 a our conviction of an existing in! 
= O° It really is 


ssion 793 + 793 | 
nsequence of the so-called de- verse and the laws of the human mind 
merability’’ of the rational numbers.) The work of the last generation ha 
fact that there is an enormous’ tended to shake our belief in the perma 
mount of overlapping of these segments nency and validity of these fundamental 
ts in favor of the argument, as is assumptions. 


harmony between the laws of tl 


sé 


wily seen. If our present-day paradoxa will also 


X. I venture to hope that the fore- gradually permit assimilation within the 
soing treatment, brief and incomplete old framework, science will have mad 
ugh it be, may help to bring out the tremendous steps in advance, but in the 
lowing idea: In the development of direction of the development of the past 
ience, we have always encountered the two thousand years. If the new para 
paradoxical. In the past, we have on doxa refuse to fit into our old fram: 
whole succeeded in gradually as- work, the human mind faces a situation 
milating these paradoxa, sometimes more serious than anything it has ever 
lickly, sometimes after a struggle last- before been exposed to—a_ situation 
¢ over centuries. In some cases it has which must mean either a retrogressive 
been necessary to revise fundamental shallowness in our fundamental concep 
oneepts, such as our ideas of space. tions, or an intensification in under- 


Up to quite recent times, we have suec- standing far beyond anything at present 
eded in retaining intact our notions of considered possible. 











GASOLINE AND LUBRICATING OIL 


By Dr. GUSTAV EGLOFF 


UNIVERSAL OIL PRODUCTS COMPANY, CHICAGO, ILL. 


Forty years ago there were just four 
automobiles in the United States. That 
was before the gasoline age, and kero- 
sene was king of the oil industry. Gaso- 
line was a waste product from the refin- 
ing of crude oil during this period. 

From 1859 to about 1905, gasoline, 
always present in crude oil, was a 
nuisance to the refiner. He was at his 
wit’s end to get rid of it. He ran it into 
streams, rivers and lakes until the law 
ealled a halt due to the many resulting 
fires. The unscrupulous dealer adulter- 
ated his kerosene with the worthless 
stuff, resulting in many disastrous lamp 
explosions. In 1871, in New York City, 
the great chemist, Professor Charles F. 
Chandler, discovered that there were 
kerosenes being sold which were pure 
gasolines. Again the law intervened 
and drastic measures were taken to 
remedy this evil. 

The advent of the motor car changed 
the picture. Motor cars burned 
line, so gasoline became the chief prod- 
uct desired from crude oil. The number 
of automobiles and trucks increased 
more rapidly than the facilities for mak- 
ing gasoline. There are now 26,000,000 
autos in the United States. 

At the same time demand for kero- 
Oil lamps were 


gaso- 


sene was falling off. 
being rapidly supplanted for lighting 
by manufactured gas and later by elec- 
tricity. The oil refiner’s position was 
completely reversed. His problem now 
was to increase his output of gasoline 
and decrease his output of kerosene. 
As some unscrupulous dealers earlier 
had mixed as much of their worthless 
gasoline with kerosene as possible, they 
now tried to get rid of their unwanted 
kerosene by mixing it with gasoline. 
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For a time it looked as though t 
industry would never be able to kee; 
with the mounting demand for gas 
Prophets of gloom predicted a sh 
of erude oil, fearing that the 
sources would last only a few years 

Such prophets failed to take int 
sideration the manifold applications 
science to the oil industry. 
was a real shortage of oil and the 
evidence present that there will 
enough for at least a century. W! 
the application of scientific methods 
brought about the discovery of vast 
pools of oil, science has made perhaps 
even more important contribution 1 
oil industry and to the motorist in 
field of gasoline production. The 
industry is producing at the year]; 
of 18,000,000,000 gallons. 

Not only has the chemist show: 
way to produce more than 300 per « 
increased yield of gasoline from 
oil in 20 years, but in addition 
produced a new and superior gas 
that distilled from crude oil in the 


nary way. This was accomp 
through the development of the cra 
process. 


Cracking produces gasoline of di 
ent chemical composition from that 
urally present in crude oil. Instead 
merely boiling off the gasoline fra 
of petroleum, cracking subjects t 
to intense heat and pressure; tem} 
tures of the order of 950° Fahrer 
and pressure of 400 pounds. The 
strives to force the oil molecules 
from each other while pressure 
same time is forcing them 
gether. In this Titanic struge! 
forees the large hydrocarbon mole 
from oils such as kerosene, gas oil, 


} 
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erude oil, which will not 


_ or even 
nerate a motor ear, are shattered into 
t " : 
small gasoline molecules which burn 


nlv in the engine and do their work 
+]y and without fuss. 

A large part of the chemical research 
ntinuously going on in the oil indus- 


CUULE 


try is directed toward improving the 


ti} 


eve 


inti-knock qualities of its gasoline. 
Anti-knock value to-day is expressed in 
‘‘oetane number.’’ High octane gaso- 
lines mean smoother, quieter operating 
motors, with greater power output or 
more miles per gallon. They are a re- 
sult of the modern cracking process. 
The gasoline present in crude oil, which 
nature has been forming through mil- 
lions of years in the depths of the earth, 
is no longer suitable for the modern, 
high compression motor; hence it is 
being cracked into gasoline having the 
type hydroearbons which will burn 
slowly in the engine. Nature’s gasoline 
burns too rapidly and knocks violently 
during combustion in engines of most 
modern ears, which means harsh run- 
ning and loss of mileage. 

So we crack nature’s oil—even gaso- 
line—to make anti-knock motor fuel. 

Motor-car manufacturers have been 
quick to take advantage of the con- 
stantly improved quality of gasoline to 
better the operation of their cars by in- 
creasing compression pressure. The 
higher the compression under which 
combustion takes place in the engine, 
without knocking, the greater the miles 
per gallon of gasoline. It is significant 
that nine years ago only four per cent. 
of all the cars manufactured had a pres- 
sure in the eylinders of 105 pounds or 
over, while in 1933 over ninety-three per 
cent. of the cars operate at this pressure. 
This increase or greater power output of 
motor-cars, could not have been accom- 
plished without the development of the 
cracking process, which produces high 
anti-knock gasoline. 

Hand in hand with progress in mak- 
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ing anti-knock gasoline has gone devel 


opment of means for preserving this 
value in gasoline and preventing the 
formation of gum. These 


ends have been accomplished by the dis 


troublesome 


covery and perfection of inhibitors. 
Inhibitors be looked 
chemical policemen which prevent air 


may upon as 
from reacting with the sensitive unsat- 
urated hydrocarbons in gasoline. Thus 
they prevent any gum formation upon 
storage, or when the fuel is burning in 
a motor. 

The development of inhibitors to pre- 
vent oxidation of gasoline made it pos- 
sible to save millions of dollars a year 
which would be spent for chemicals to 
refine the gasoline to a marketable prod- 
uct. By the use of inhibitors, added in 
the merest traces, purification may be 
eliminated or modified, reducing loss of 
gasoline, preventing gum formation, and 
preserving anti-knock properties, as well 
as producing a better all-around motor 
fuel for the modern automotive engine 

The volatility of gasoline is another 
important property. ‘‘Volatility’’ in 
this sense is the ability of the gasoline 
to vaporize readily. 

A gasoline which vaporizes readily is 
desirable for winter driving because it 
makes for quick starting. In summer, 
however, if the gasoline is too volatile it 
will even vaporize before it enters the 
manifold, bubbles 
shut off the gasoline and stop the engine 
This is known fre- 
quently puzzles motorists who are not 
familiar with motor operation. 

As a consequence oil companies regu- 
late the volatility of their gasoline to a 


causing gas which 


as vapor lock and 


nicety so that it will perform properly 
whether the atmospheric temperature is 
thirty below or over a hundred. With 
better motor fuels and better cars, the 
motorist to-day gets twice as much value 
for his gasoline dollar as he ever got 
before. . 

Speed boats have traveled over 120 
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miles per hour, automobiles over 290, 
and airplanes over 400. Common cruis- 
ing speeds for modern motor-cars are 
now about 65 miles per hour while ten 
years ago it averaged 35. 

The motors which propel these ve- 
hicles must not alone be gasolined, but 
require careful lubrication. These 
mighty speeds throw a heavy burden 
upon the oil industry to provide lubri- 
eants which will keep the moving mech- 
anisms apart. 

The motor cylinders are fiery furnaces 
with temperatures of over 3,000 degrees 
Fahrenheit produced by the burning 
gasoline. Pistons in the cylinders move 
at 10,000 revolutions per minute. Un- 
der these conditions the lubricating oil 
must not materially change its viscosity 
or develop carbon to foul the cylinders. 
Moreover, it must have sufficient fluidity 
to permit the motor to start readily at 
arctic or desert temperatures. 

More progress has been made in the 
manufacture of lubricating oils in the 
last few years than in the preceding 
thirty. Few people realize the vast dif- 
ference in lubrication requirements be- 
tween an engine driven at 65 miles an 
hour and one at 35. Up to 35 miles an 
hour, lubrication affords few problems. 
But at 65 the difficulties are greatly in- 
ereased, and the punishment of lubricat- 
ing oils is enormous when a motor drives 
a plane through the air at a speed of 
over 400 miles. 

Another trend in motor-car design is 
toward lower body styles to facilitate 
higher speed and greater acceleration on 
the road. In order to maintain the 
necessary road and body clearances, 
smaller rear axles are required. Due to 
this trend toward smaller gears, higher 
engine torque, tooth pressures and rub- 
bing velocities, a point is being ap- 
proached where rear axles can not be 


lubricated with ordinary oils in 
factory manner. 

Hypoid and worm gears, w] 
being adopted for the reason ment 
operate under conditions 
rubbing velocity than spiral bev 
and the use of these gears 1 
necessary to provide special 
which will resist extreme-pressu! 
tion. New extreme-pressure lu! 
made up of blends of petrol 
saponifiable oils, and sulfur | 
developed for such use. 

To meet the modern lubri 
mand careful selection of erud 
essential. Crudes vary widely 
ity, even when derived from 
wells in the same oil field. | 
quently, crude oils from particu 
in an oil field are specifically seg: 
for their lubricating oil quality 

Improvements in the process 
ing have been made. The oils 
tilled under vacuum and close!: 
tionated. Refrigeration tempe! 
of sixty below zero are being 
separate the wax from the oil. 
eases inhibitors are used to pre 
formation of erystalline wax 
lubricant. Solvent extraction, t 
tively removes from the oil t! 
tions having the best lubricating 

Synthetic lubricating oils | 
been developed by hydrogenat 
by the polymerization by alu 
chloride of oil produced by 
Not only have lubricating oils b 
veloped to meet present motor 


quirements, but an immense am 


research is going on to anticipate 


lubrication needs of the future 
lions of dollars are being spent 
oil industry in research to impro 
quality of gasoline and lubricati 
so as to anticipate the speeds 
future. 
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THE RELATIVE NUTRITIVE VALUE OF LAND 
AND WATER PRODUCTS 


By Dr. D. BREESE JONES 


BUREAU OF CHEMISTRY AND SOILS, UNITED STATES DEPARTMENT OF AGRICULTURI 


Aut living things, in the last analysis, 
dependent for their food supply 
Ww the elemental constituents of the 
soil and of the air. Plants take the ele- 
ments required for their nutrition, such 
1s potassium, calcium, phosphorus, car- 
bon, hydrogen and nitrogen, and manu- 
facture them into sugars, starches, pro- 
ins, oils, mineral salts and vitamins. 
Animals can not manufacture these food 
compounds for their requirements, but 
are dependent for them upon the syn- 
thetie processes of plant life. 

There is, therefore, a continual with- 
drawal from the soil of those elements 
which are essential for plant and animal 
nutrition. Under primitive conditions 
of life this material was returned to the 
soil with quite uniform distribution, so 
that the original fertility of the soil was 
largely maintained. Civilization in this 
respect has disturbed the balance of 
nature. The produce of the land is har- 
vested, transported and, to a large ex- 
tent, concentrated in certain areas, prin- 
cipally the large cities. 

The soil is and always has been 
impoverished through another influence, 
namely, the leaching effect of rains, 
which carry away tremendous quantities 
of the elements of soil fertility. What 
becomes of all the material removed 
from the land by the two combined in- 
fluences referred to? It finds its way 
ultimately into the sea, carried by 
Streams and rivers, and through the 
agency of the sewage disposal plants of 
our cities, These elements of plant and 
animal nutrition, transferred from the 
soil to the sea, can be utilized by man 
and partly restored to the land only by 
farming the sea. This consideration 
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lends special interest to a discussion 
the relative biological value of land- 
farmed and marine-farmed products. 

In animal nutrition food performs 
three functions, (1) it yields energy, 
(2) supplies material for the construe- 
tion of body tissues, and (3) regulates 
In order 
that a diet may satisfactorily perform 
these functions it must contain adequate 
amounts of protein, fat, carbohydrate, 
inorganic materials, and vitamins. Of, 
course, water is essential and also a cer- 
tain amount of indigestible material for 
roughage. 


many physiological processes. 


PROTEIN 

The chief function of protein in nutri- 
tion is to supply material for the con- 
struction of nitrogenous tissues, such as 
muscle, skin and hair. Protein also 
enters, to a greater or less extent, into 
the composition of practically every tis- 
sue in the body. Although fats and 
carbohydrates are the fuel material in 
food which supplies most of the heat 
and energy required by the body, pro- 
teins also contribute to the energy re- 
quirements of animals. 

During the process of 
digestion proteins are converted into 


] 
alimentary 


some twenty or more relatively simple 
compounds, 
acids. 


which are called amino 
These compounds may be re- 
garded as the units or building stones of 
which proteins are composed. It is the 
amino acids and not the proteins which 
are assimilated. The proportions in 
which the amino acids occur in different 
proteins vary enormously. 
teins are deficient or entirely lacking in 
one or more of them. 


Some pro- 


It is because of 
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these differences that proteins vary so 
much both in their chemical and physi- 
eal properties and also in their nutritive 
value. Gliadin, one of the chief proteins 
of wheat, is deficient in the amino acid 
lysine; zein of corn is almost entirely 
lacking in both lysine and tryptophane; 
gelatin is lacking in five of the amino 
acids. Wheat and corn, however, con- 
tain proteins other than gliadin and 
zein, which are better sources of amino 
acids. Consequently, in the whole 
grains these better proteins compensate 
in part for the deficiencies of gliadin 
and zein. Four of the different amino 
acids found in proteins have been proved 
to be essential for the normal growth 
and development of animals. They are 
lysine, cystine, histidine, and trypto- 
phane. When the protein in the diet is 
lacking in any one of these four amino 
acids nutritional failure and death will 
eventually follow, no matter how much 
other food may be eaten. 

In discussing the relative biological 
properties of the proteins of land and 
marine grown products, I shall first 
point out some general characteristics of 
the proteins of land products as a class. 

The following materials constitute the 
most important land sources of food pro- 
teins: Meats and animal products, milk, 
cheese, eggs, cereals and seeds, nuts, 
vegetables and forage crops. Very 
striking differences in the nutritive 
value of proteins are found in some of 
these food materials. Analyses of the 
isolated and purified proteins of meat, 
milk, eggs and nuts have shown that 
these proteins are nutritionally com- 
plete, that is, they contain all the known 
essential amino acids in sufficient quan- 
tities to meet the normal nutritional 
requirements of animals. 

The proteins of seeds, on the other 
hand, show striking differences in their 
nutritive quality. The chief proteins of 
most of the cereal grains are deficient or 
lacking in one or more essential amino 
acid. Wheat gliadin and rye gliadin are 


deficient in lysine, tryptophane, 
tidine; zein, the chief protein 
contains no tryptophane nor lysin 
is deficient in histidine; hordein, 
protein of barley, is low in all t 
these amino acids, and oat glia 
lacking in lysine and tryptophar 

In contrast to the seeds of 
grains, those of the oil seeds and 
which have been studied, including 
seed, hempseed, peanuts, soy-beans. 
tonseed, almonds, brazil nuts, 
others, possess proteins of high bi 
eal value. They contain high 
eentages of the amino acids wh 
deficient or lacking in the cereal ; 
teins. 

Studies which we carried on 
years ago on the proteins of 
kinds of beans disclosed an amin 
deficiency which is characteristic o! 
proteins of a certain class of 
seeds, including the common white 1 
bean, lima bean, adsuki bean, n 
bean, velvet bean, cow-pea, and the lent 
The total proteins of these seeds are 
deficient in cystine that young ex; 
mental laboratory animals will de 
in weight and survive for only a s 
time when these seeds constitute the s 
source of protein in their diet. T 
deficiency of the amino acid cystin 
these proteins was the cause of the 1 
tritional failure was demonstrated | 
the fact that when a small quantity 
cystine, amounting to only two or thr 
tenths of one per cent. was added to t 
same ration, growth at a norma! 
followed. 

Compared with the proteins of 
foods, those of vegetables and f 
material have been only little studi 
Such information as is available i: 
eates that these proteins have a hig 
biological value. 

Fish, oysters, clams, crabs, lobst 
shrimp and scallops include most of 
marine nitrogenous food products. T 
proteins of these foods have not | 
studied nearly so much as the prot: 
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¢ the land-farmed products. The 
mino acid content of the muscle tissue 
° several varieties of fish, of scallops, 
nd shrimp has been determined. The 
logical value of the proteins of some 
these products has also been deter- 
mined by feeding tests with experi- 
mental animals. The proteins of all the 
marine foods which have been studied 
contain in satisfactory amounts all the 
nutritionally-essential amino acids. Os- 
borne and Jones found that although 
here were differences in the percentages 
f some of the amino acids in the muscle 
tissue of different classes of animals, in- 
eluding fish, seallops, chicken and ox, 
the results ‘‘did not show such wide dif- 
ferences as are found between some of 
the different kinds of protein of vege- 
table origin.’’ 


‘ 


More recently, analyses 
f the muscle tissue of a representative 
crustacean, the shrimp, made in the 
Bureau of Chemistry, gave percentages 
of amino acids closely agreeing with 
hose found for the other types referred 
to. Because of the difficulty of obtain- 
ing preparations of the proteins of oys- 
ters and clams suitable for amino acid 
determinations, no data are available 
showing their amino acid composition. 
However, the fact that young experi- 
mental animals grew to maturity at a 
satisfactory rate and were well nour- 
ished on a ration containing no protein 
ther than that furnished by whole 
dried oysters and clams showed that the 
proteins of these mollusks are of satis- 
factory biological value. In general, it 
can be stated that marine animal life 
furnishes proteins quite similar, with 
respect to their biological value, to those 
f land-farmed animals and superior to 
the proteins of certain seeds, such as the 
cereal grains and beans of the genus 
Phaseolus. The extensive use of fish 
meal in stock and poultry feeds finds 
here additional justification, in that the 
amino acid composition of fish proteins 
is well suited to supplement the proteins 
of various grains. 


+ 
t 


CARBOHYDRATES AND F ATs 
Many land-farmed food products 
very rich in carbohydrates. From 
half to three fou 
dried matter of 
tubers, 


rths of the weight 
many cereals, seeds 
roots, and 


starch or sugars 


CONSISTS oO] 


fruits 
Fats are also present 
in large proportions in many anima! 
and plant products of the land, such as 
nuts, cheese, soy-beans, olives, avocados 
linseed, cottonseed, and peanuts. 

Many nuts contain from 65 to 70 pe 
cent. of oil. 

Fish and shell-fish excel as sources 
dietary factors necessary for the forma 
tion of body tissues and for the regula 
tion of certain physiological processes 
rather than in their value as a source of 
fuel or energy. 

Fish contain less fat, as a rule, thar 
the higher animals. Shell-fish are 1 
rich sources of fats and carbohydrates 
although they are not lacking in thes 
dietary factors. The edible portion of 
mollusks and crustaceans contains from 
1 to 2 per cent. fat. 
of animal food they contain some carb 
hydrate, in the form of glycogen, or 
animal starch. This carbohydrate is 
said to be wholly digestible. It amounts 
to about 3 to 4 per cent. of the oyster, 
and about 5 per cent. of abalone 


Unlike most types 


MINERAL ELEMENTS 

The excessive popular attention give: 
to vitamins has somewhat obscured th: 
general appreciation of the significance 
of the inorganic or mineral constituents 
of foods. The inorganic salts comprise 
a little over one fifth of the moist tissu 
weight of the body and are found, for 
the greater part, in the bones and skele 
tal structure. They are also present in 
all the tissues and fluids of the body and 
serve vital functions in many of the lif 
They maintain the delicat: 
balance between the acid and alkalin 
reaction of the blood and other fluids; 
they take a part in the coagulation of 
the blood, in reproduction, in digestion, 


processes. 
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and even govern to a degree the state of 
excitability and repose of an animal. 

The most commonly known elements 
which regularly occur as constituents of 
animal tissues include calcium, phos- 
phorus, potassium, sodium, iron, chlo- 
rine, sulfur, magnesium and iodine. In 
addition to these, traces of copper, zinc, 
boron, manganese, silicon and fluorine 
are usually found, some of which have 
been shown to be essential for the nutri- 
tion of plants and animals. 


MINERALS 

Iron has been long known to be an im- 
portant constituent of blood corpuscles 
and is involved in the transportation of 
oxygen from the lungs to the cells of the 
various tissues in the body. About 15 
milligrams of iron are required daily by 
an adult person. The nine land foods 
containing iron in the largest amounts 
are listed in the following decreasing 
order: Lima beans, peas, whole wheat, 
lean beef, spinach, oatmeal, raisins, 
eggs, and green vegetables. 

Work done at the University of Wis- 
econsin has demonstrated the importance 
of copper in the diet. Before the iron in 
the food can be assimilated there must 
be present minute traces of copper. A 
disease called nutritional anemia, char- 
acterized by a low supply of red corpus- 
cles in the blood, can be produced in 
animals by feeding them a ration lack- 
ing in iron. Addition of suitable quan- 
tities of iron to such a ration produces 
no improvement in the condition of the 
animals, but when small quantities of 
copper are added along with the iron, 
rapid recovery follows. Of the land- 
farmed products the following 10 are 
reported to contain the most copper: 


CoprperR CONTENT oF SomE LAND Foop 
PRODUCTS 
(Quantity of copper expressed as milligrams 
per kilo of the fresh food) 
Wheat germ 48.0 
Oats 17.1 
Almonds 13.0 


Kidney beans 
Rye 

Peas 
Asparagus 
Maize 6.8 
Lentils 6.4 


Barley f 


The American dietary is pr 
more deficient in calcitwm than 
other one inorganic ingredient. ( 
cium is essential for bone and 
formation, and it enters into the ¢ 
sition of many other tissues of the | 
It plays a part in the process of 
coagulation. Children need more 
cium than adults, requiring about 
to 1 gram daily, an amount contair 
one quart of milk. Land-grown 
rich in calcium are milk, cheese, 
cabbage, turnips, prunes, beets 
oranges. 

Phosphorus is also needed for 
structure and for the nuclear stru 
of the cells. Adults require about 
1.5 grams daily. Good sources of | 
phorus are milk, egg yolk, cheese, w 
wheat, beans, oatmeal, lean beef, 
fruits and vegetables. A lack of eit 
calcium or phosphorus may be fi 
by rickets, a disease common 
children. 

Magnesium, sodium, potassium, « 
rine and sulfur are so widely distribut: 
in foods that the question of their « 
ciency in the diet is generally of 
eoncern. McCollum has recently 
onstrated that a lack of magnesiun 
the diet of rats produces a dilati 
the capillaries, tetany, and other sy: 
toms of abnormal condition. He 
found that manganese, a common ¢ 
stituent of foods, is essential for norma 
reproduction in animals. 

Iodine, an essential constituent of 
thyroid gland, is present in the bod) 
a mere trace. It plays, however, a ver 
important roéle in human health and 
Iodine in particular is one of the n 
eral elements in which the soil in certa 
areas is deficient. The relation betw 














of iodine in the diet and the 
a f goiter is well known. Cer- 
ties in goitrous regions have intro- 
dine into the drinking water 


As a elass. most of the cereal grains, 
s, tropical seeds and nuts are defi- 
in calcium and sodium, and in 
ases in iron and iodine. Increased 
idence of disease in cows has been ob- 
served when they were fed rations defi- 

tin calcium. It has been found that 

wth, health and reproductive 

ity ol pigs fed rations consisting of 

ms real grains were improved when salt 
mixtures were added to the rations. A 
mortality of sheep in a certain sec- 

of Michigan disappeared when 
mineral salts found in deposits near one 
he Great Lakes were added to their 

iet. Animals grazed continuously on 
ertain areas in New Zealand have been 
suffer from malnutrition due 
to a deficieney of iron. The trouble was 
voided by transferring the animals to 
pastures richer in iron. The symptoms 
were also relieved by giving them iron 
salts. In a certain section of Montana 
where the supply of iodine is low, an 
enormous loss of young pigs was shown 
be caused by a deficiency of iodine in 


shown to 


rs the food of the cows. Administration of 
. small doses of potassium iodide pre- 
vented the high mortality. 
| Land crops depend chiefly for their 
inorganic constituents upon the soil. 
| Unequal distribution of minerals in the 
nis soil is reflected in corresponding varia- 
- tions in the quantities of these elements 
an ind in the crops grown on those soils. 
In turn the animals are dependent upon 


the plant products and, to a lesser de- 


rr 


gree, on the water supply for the inor- 
ganic elements needed for their nutri- 
tional requirements. 

Large bodies of water, particularly 
the sea, contain a much more uniform 
ind constant supply of inorganic food. 
The ocean is a vast storehouse wherein 
1as accumulated throughout countless 
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ages a mixture of practically all the el 
ments found in the eart 
have been leached from the 
ried 
Marine-farmed products 


.’s crust, as the’ 


Soll and ¢@a 


rivers and streams 


down by the 
are, accord 


ingly, an excellent source of inorganic 


elements. Seaweeds have been long LIM d 
as a source of potassium and iodine 
Sehemes have been proposed for recov- 


ering gold from sea water. 

Sea-food, particularly shell-fis] is 
known to the 
constituents which have been long recog 


4 


besides mineral 


contain, 


nized as biologically essential, such as 
ealeium, phosphorus, iron, and sulfur, 
also those elements which more recently 
have been demonstrated to be integral 
constituents of living tissues. 

Several investigators have shown that 
contain copper in quantities 


from 4 to 3,300 


oysters 
ranging 
million. 


parts per 
Remington and collaborators found 
that oysters contain copper in greater 
concentration than is found in any other 
plant or By feeding 
ments with rats they showed that oys- 


animal. exper 
ters possess marked curative properties 
in nutritional anemia. 

It is recorded that 
seaweed for the relief or 


the ancients used 
cure of goiter 
Just in what way seaweed was beneficial 
was, of unknown, not only to 
them, but to 
that followed 
that one type of goiter is a consequence 
of insufficient iodine in the and 
that seaweed is one of the richest sources 
of this element. Wells 


state, ‘‘Oysters, clams and lobsters con- 


course, 
hundreds of generations 
them. To-day, we know 
diet, 


Tressler and 
tain more iodine than any other marine 
food’’ and that ‘‘they contain about 200 
times as much iodine as milk, eggs or 
beefsteak, shrimp 100 times as much and 
erabs and most ocean fishes 50 times as 
much.’’ 

The presence of manganese in oysters 
has also been established. 

Other mineral 


found in shell-fish, which can not yet be 


elements have been 
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included in the list of elements demon- 
strated to be beyond question nutrition- 
ally essential. It has been known for 
years that marine plants and animals 
contain heavy traces of arsenic. Chap- 
man found arsenic in the following 
products, the quantities being expressed 
as As,O, in parts per million of the wet 
substance: Oysters, 3 to 70; shrimp, 12 
to 40; lobsters, 18 to 110; crabs, 36 to 
70; flatfish, 3 to 10. Fresh-water fish, 
including pike, perch, roach, snails and 
crayfish, were all found to contain 
arsenic. 

Oysters were also found to contain 
zine in quantities ranging from 70 to 
2,100 parts per million and lead in quan- 
tities varying from 10 to 400 parts per 
million of the dry edible substance. 

Whatever mineral elements may be 
added in the future to the list of those 
already accepted as essential for the nor- 
mal nutrition of animals, we are justi- 
fied in expecting them to be present in 
the crops of the sea. 


VITAMINS 

Vitamins are doubtless the most pop- 
ularly known of the different food fac- 
tors. We read about fhem in books, 
magazines, newspapers, advertisements 
and labels on packages; we hear about 
them on the street, over the radio, and 
from the platform. Vitamins have been 
recognized as definite food components 
for only about 20 years. Animals can 
not grow, be healthy or live long without 
vitamins. Mere traces of them only are 
required. At present six different vita- 
mins are generally recognized. They 
are known as vitamins A, B, C, D, E 
and G. 

Without vitamin A young animals 
ean not grow. Their vitality becomes 
lowered and they are less able to resist 
infections and disease, particularly those 
of the respiratory tract. A characteris- 
tic disease of the eyes usually appears. 
Administration of vitamin A promptly 
cures this affliction. Vitamin B is called 
the antineuritic vitamin. Absence of it 


in the diet results in loss of 
arrest of growth, derangement 
nervous functions, and other d 
A lack of vitamin C in the diet 
seurvy, and, for this reason, it is 
as the antiscorbutic vitamin. Det 
cies in bone and tooth developm 
closely connected with vitamin (| 
ciency. Formerly scurvy was 
among sailors, soldiers and others 
pelled to live on dried and pr 
products without fresh fruits 
etables. 

Vitamin D is called the antir 
vitamin. Rickets, a _ disease 
prevalent among children, is 
chiefly by improperly balanced 
tions of calcium and phosphorus 
diet. The utilization of these e! 
is controlled largely by vitamin D. § 
light or ultra-violet light is also eff 
in curing and preventing rickets 
in effect a substitute for vitamin D 
Vitamin G is usually associated 
vitamin B. Deficiency of this v 
in the diet results in retardati 
growth, digestive and nervous 
bances, lowering of vitality, ar 
mately in the appearance of skin 
characteristic of the human 
pellagra. Although the symptoms 
duced in animals by feeding then 
lacking in this vitamin resemble t 
human pellagra, it has not been 
nitely proved that they are ident 
Vitamin E, known as the antist 
vitamin, is required for the norma 
production of rats. There are no d 
however, to show that it plays a 
human reproduction. 

As a class, fresh vegetables, par' 
larly the green leafy vegetables, are | 
best general source of vitamins. \\ 
few exceptions, they are an exc 
source of vitamins A and C. Near!) 
those tested contain vitamin B in go 
quantities. Some are known to conta 
vitamin E, green lettuce being an exc 


er 


lent source. Vitamin G is also present 
in beet greens, spinach, kale, onions 
water cress and other vegetables. Veg 
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sbles, however, are a very poor source 
¢ vitamin D. 
(Cereals constitute probably the one 
st extensively used food item of the 
egetable kingdom. They are, how- 
r, very limited as a general source of 
As a whole 
ds and nuts supply liberal quantities 
* vitamin B, this vitamin being located 
hiefly in the seed germ, or embryo. 
Wheat germ and rice polishings are 
mong its best sources. Wheat germ is 
one of the richest known sources of 
tamin E. On the other hand, this 
lass of foods is a poor source of vita- 
mins A, C, and D. One noteworthy ex- 


class, cereals, 


ption is yellow corn, which is a good 


source of vitamin A. 

Eggs and dairy products occupy an 
important position as a source of vita- 
mins. Egg yolk is an excellent source of 
vitamins A and D. It also contains vita- 
mins G and E in liberal quantities, and 
is a fair source of vitamin B. The white 

f eggs, however, is a poor source of all 
the vitamins, excepting vitamin G. 
Butter is rich in vitamins A and D. It 
‘ontains some E, but little or no B or C. 
Fresh, raw milk contains in addition a 
fair supply of vitamins B, G, and C. 

Fruits rank as one of the best sources 
of vitamin C, notably oranges, lemons, 
grapefruit and strawberries. Bananas, 
pineapples, and prunes are fairly rich 
in A. Most fruits are also good sources 
of B, but are low in vitamin D content. 

Muscle meats contain but little vita- 
mins A, B, C, and D, but they are a fair 
source of G. The internal organs of 
animals, however, particularly the liver, 
heart and kidney, are good sources of 
vitamins A, B, G, and C, but they are 
low in vitamin D content. 

Vegetable oils, such as olive oil, cot- 
tonseed oil, coconut oil, and peanut oil, 
may contain some vitamin A and vita- 
min E, but they are practically devoid 
of the other vitamins. 

From this brief survey it is to be 
noted that vitamins A, B, and C are 
widely distributed in the land-farmed 
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food products, but that most of them are 
D. Herein les a 


ana 


deficient in vitamin 


differentiation between them 

marine-farmed products. 
Cod-liver oil is the best 

most widely used natural product as a 


vitamin D. In 1929 nearly 


known and 


source of 
263,000 gallons of erude cod-liver oil 
produced in the United 
about one tf 


were states 


enth of 


This represents only 
ding, 


the cod-liver oil used for animal fee 


90 per cent. being imported. C 


oil is also one of the richest sor 
has 
eral investigators t!] 
fish other 
shark, skate, 
haddock, are rich in vitamin A. 
Fish from fish 
from fish offal, a by-product of the fish 
ery industry. The heated 
and the oil expressed. The cake is used 
as fish meal for The total 
product in 1929 of fish oils, other than 
12.000.000 


been sh 
at the 


wn 


vitamin A. It ; 
liver ol 


than the cod, namely, 


. oa | scl 
ling, eoal-fish 


plaice, 


oils are obtained and 


material is 
feeding. 


liver oils, was in excess of 
gallons. 

Interesting studies have recently been 
made in a series of studies on fish oils by 
Nelson, Manning and Tolle. 
was carried on cooperatively by the U 
S. Bureau of the U. S. 
Bureau of Chemistry and Soils. 
the 
from 


This work 
Fisheries and 
Tests 
were made to determine relative 
value of the oils obtained 


sardine, menhaden, salmon, Alaska her- 


tuna, 


ring, and Maine herring, as sources of 
vitamin D. If an arbitrary value of 
100 be assigned to cod-liver oil as an ex- 
pression of its vitamin D potency, then 
the oils tested would have the following 
relative vitamin D values: 

Tuna 

Sardine 

Menhaden 

Salmon 

Alaska herring 

Maine oe 


Tests made later on menhaden oils, 
especially prepared under different con- 
ditions so as to avoid as far as possible 


any destruction of vitamin A, showed 
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that such oils were fully equal in vita- 
min D potency to medicinal cod-liver 
oil. 

Burbot oil, prepared under commer- 
cial conditions, was shown to be from 3 
to 4 times as rich in D, and from 4 to 
10 times as rich in vitamin A as good 
grades of medicinal ecod-liver oil. 

The fish oils are used chiefly in mak- 
ing soap and as drying oils, and to some 
extent for sizing leather and tempering 
steel. Much fish waste is also discarded 
without attempting to recover the oil. 
These oils, cheap and excellent sources 
of vitamin D, are finding increasing use 
in stock and poultry feeding. 

A little more than a year ago, tests for 
vitamin A and vitamin D potency were 
made on different samples of salmon oil. 
Three different preparations of oil were 
used, a commercial salmon oil, an oil 
from commercially canned salmon, and 
an oil prepared in the laboratory from 
salmon offal, a waste from the salmon 
eanning industry. Oils from the offal 
of different species of salmon showed 
wide variation in their vitamin A 
potency. Oils showing a distinct red- 
dish color, obtained from chinook and 
sockeye salmon, contained much more 
vitamin A than oil from chum, which 
was practically free from color. Some 
of the oils contained as much vitamin A 
as good grades of cod-liver oil and twice 
as much vitamin D. 

Clinical studies on thirteen children 
with active rickets, recently conducted 
to test the value of salmon oil in the 
treatment of this disease, showed that 
salmon oil was more effective than the 
average medicinal cod-liver oil and com- 
pared favorably in its rapidity of action 
with viosterol. 

Tolle and Nelson state, ‘‘Statisties 
show there are approximately 300,000,- 
000 pounds of canned salmon produced 
annually in this country. This fish 
contains from 6 to 10 per cent. of oil. 
From the data obtained on the vitamin 
D content of the oil in canned salmon, it 
is quite apparent that there is more 


ce 


vitamin D in the canned salmon s 
this country than in the cod-li 
used for both human and anima 
ing.’’ 

Because of the meager informat 
the vitamin content of shell-fis 
Bureau of Chemistry and Soils 
took a study of the vitamins in 
clams and shrimp. Oysters const 
the most valuable fishery product 
United States. The annual yield 
country is about 30,000,000 b 
Clams come next in the order of 
tance. Randoin, in France, had 
ously showed that oysters were eff 
in preventing scurvy in guine 
Working with fresh Chesapeake oyst: 
we found them to be a good sou 
vitamins A, B, and D, but rather 
cient in vitamin E. First gene: 
females reared only 14 per cent. of 1 
young. Six second generation fer 
produced only 2 litters, comprisi: 
young, none of which were reared 

Two species of clams, com 
known as ‘‘hard-shell’’ clams or 
haugs’’ and ‘‘soft-shell’’ or 
clams, were used in our studies 
though both oysters and clams 
found to be good sources of vitamins 
and D, one striking difference bet 
them was observed. Unlike oyst 
which compare favorably as a sour 
vitamin B with foods which are r 
nized as excellent sources of this 
min, clams were found to be dev 
this vitamin. Tests conducted on s 
ples of clams obtained from diffe 
places and at different seasons, and 
on different species, gave invar 
negative results. As a source of vital 
A, clams were found somewhat infe! 
to oysters. On the other hand, 
have more pronounced antirachitic p! 
erties and are a better source ol 
min E. 


Work done at the University of \\is- 


consin has showed that canned oyst 
a product available in most market 
throughout the year, contain vitam! 
in appreciable quantity. 
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LAW AS A SCIENCE 


By GEORGE W. GOBLE 


PROFESSOR OF LAW, UNIVERSITY OF ILLINOIS 


Ir would seem socially desirable, from 


. point of view, to have a system of 


aw so certain and rigid that it could be 
applied to any conceivable situation with 
mathematical precision and accuracy. 
Then the legal consequences of particu- 
- conduct could always be known in 
advance. This would seem desirable so 
that people in the usual and compara- 
tively simple situations may know what 
to expect of others, how to conduct them- 
selves toward others and how to manage 
their business affairs without getting 
into legal difficulties. In more complli- 
cated situations under such a system, if 
laymen should become nonplussed, law- 
yers would be able to advise them as to 
the proper course to pursue, and would 
be able to predict with accuracy the out- 
come of litigation. 

Any person who comes upon my land 
without permission and cuts down my 
trees is liable to me in damages. That 
rule is fairly certain. It applies equally 
to all people. The rule is known and, 
therefore, most people do not do such 
things. If it is not known generally, 
lawyers can advise as to the conse- 
quences of such an act. One of the 
techniques of our legal system for assur- 
ing this certainty and uniformity in 
legal rule is that known as stare decisis 
or the requirement that courts follow 
precedent. This principle puts a cer- 
tain compulsion upon a judge to decide 
a particular case in the same way that 
similar eases have been decided before. 
It is more likely to assure certainty and 
uniformity than is a rule of action which 
permits each judge to decide for himself 
what should be done in the particular 
case. Different courts, in different lo- 
ealities and at different times having 


Lad 


different ideas as to justice would in all 


probability reach different results on 


the same set of facts. To the extent 
] 


that legal 
uniformity are pro 


therefore rules are certain, 


impartiality and 
moted. 

Suppose after a long line of decisions 
holding that 
without permission is unlawful, a judge 
with communistic 
by the unequal division of wealth and im 
pressed with the dire need of the par 
ticular trespasser for fire-wood for his 
freezing family, should exonerate the 
what happens to the cer- 
tainty of the rule? pre- 
dict that under the circumstances of a 
particular case the old rule will stand? 
If one 
break down the rule, who can say when 
another will not? Will not those who 
desire the trees of another be encouraged 
to help themselves? Will not increased 
litigation result from the increased num- 
ber of such offenses, and from the lack 
of sureness as to what the outcome will 
be? Will not minded 
judges, with the disintegration of the 
rule encouraged to 
down the rule further, perhaps for 
justification? At 
probable that all the advantages of hav- 
ing a certain invariable rule on this 
point will now be lost? Assuredly law- 
yers can not now safely advise one as to 
his rights in such matters. 
will be much more of a hazard. 

Laymen are wont to complain of the 
law when lawyers are unable to advise 
them definitely as to their legal rights, 
and yet they are extremely impatient of 
the doctrine which requires the follow- 
ing of precedent. They say that each 


removing another’s trees 


leanings, influenced 


trespasser, 


Can one now 


change in circumstances will 


socialistica! ly 


begun, be break 


} 
LCAS 


any rate is it not 


Litigation 


229 











230 THE SCIENTIFIC MONTHLY 


case ought to be decided on its own 
merits, or that the judge ought not to 
let precedent force an unjust result. 
Yet what could be more destructive of 
certainty of a rule than the failure or 
refusal of a court to follow a rule pre- 
viously established by a long line of de- 
cisions? It is too frequently not real- 
ized that to the extent that there is a 
departure from precedent there is a sac- 
rifice of certainty. 

Much ean therefore be said for cer- 
tainty of legal rule and as one might 
expect there is a school of thought 
which advocates certainty as the most 
essential element in a legal system. 
The advocates of this theory might be 
called rationalists, since they believe all 
legal phenomena can be rationalized or 
systematized. By some of this school it 
is even thought that there is something 
of the divine in the arrangement of the 
legal firmament, and therefore a par- 
ticular decision can be said to be sound 
or unsound, depending upon its con- 
formity or non-conformity to the divine 
plan. They think to the extent that 
there exist doubts, differences of opinion 
or inconsistencies they are due to the 
judges’ inability to discover or apply 
the law. The rules are there as an omni- 
presence in the sky, wanting but an in- 
telligence adequate to recognize and ap- 
ply them. The judge has but to cast 
about for the correct rule, bring it down 
and fit it to the case at hand and justice 
springs forth, pure and undefiled. Most 
laymen follow this philosophy. They 
look upon law as consisting of a set of 
precise and definite rules sufficiently 
comprehensive to cover almost any con- 
ceivable situation that might arise, and 
think that all a lawyer need do when 
asked a question is to open a book and 
run his finger down the page until it 
falls upon the rule covering the situa- 
tion at hand. By then reading the rule 
he is able to tell his client exactly what 
his rights are, or what would be the out- 
come if action were brought. 


But alas, do we have, or is it 
or desirable to have a legal sy 
certain, so rigid? Is it not sim 
illusion? If our legal system is « 
rigid, unbending, how is it to gr 
adapt itself to changing 
Obviously, there must be a limit 
rigidity. Must not rules bend w 
a newer conception of morality 
work repeated injustice? Must the 
yield to a changing economic and s 
order? When looked at from this ; 
of view it seems obvious that a 
system should be elastic, that is, 
should not be held to be uner 
implements to be rigorously and 
lentlessly applied in all cases reg 
New circumsta: 


econdit) 


less of consequences. 
changing social or economic econdit 
may require a new or modified 

But elasticity of rule is ineonsist 
with certainty of rule. Advantages 
certainty of legal rule can be d 

strated. Advantages of elasticity 
legal rule can be shown. 
stability, the other for progress, but 

can a rule be both rigid and elast 


Here is the great paradox of legal s 


ence. Most of the difficulties of the 


most differences of opinion about pr 


ciples revolve about this paradox. 
what extent should a rule be cert 
To what extent should it be elastic 
a rule results in injustice in a part 
lar case, should the rule always yie 
the exigencies of the occasion and a 
cision based upon the merits render 
Of late the traditional conception 


law as consisting of a body of fixed i 


variable rules has been losing gro\ 
During the last half dozen years 
philosophy has been in a ferment 


think the cause is traceable directly t 


the revolution that has taken place 


the physical and mathematical sciences 
The development of non-Euclidean g 
ometry, Einstein’s theory of relativity 
the research of Heisenberg and Schrid 
inger on the structure of the atom, F'itz- 
gerald’s theory of contraction, Com; 





One makes { 





“yet 
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's work with electrons, protons and 
ns, I understand have modified if 
molished orthodox conceptions and 
iples in physics and astronomy. I 

m not informed that the physics of 

Newton has become completely obsolete, 

iis law that every body continues in 
its state of rest, or of uniform motion in 


, straight line, can be readily seen to 
ve lost much of its vitality when we 
re told that no body is at rest, and that 
e is no such thing as a straight line. 

As bearing upon the significance of 

ent scientific developments, Professor 
A. S. Eddington says: ‘‘The frank realli- 
ation that physical science is concerned 
with a world of shadows is one of the 
most significant of recent advances.’ ; 
The modern scientific theories have 
broken away from the common stand- 
point which identifies the real with the 

nerete. I think we might go so far as 
to say that time is more typical of phys- 
ical reality than matter.’’* And Ber- 
trand Russell says, ‘‘The main point for 
the philosopher in the modern theory is 
the disappearance of matter as a ‘thing.’ 
It has been replaced by emanations from 
a locality—the sort of influences that 
characterize haunted rooms in ghost 
All sorts of events happen 
in the physical world, but tables and 
chairs, the sun and moon and even our 
daily bread, have become pale abstrac- 
tions, mere laws exhibited in the succes- 
sion of events which radiate from certain 
regions.””* ‘‘In a word ‘matter’ has 
become no more than a convenient short- 
hand for stating certain causal laws con- 
cerning events.’’* 

The point we are interested in is that 
physical laws once thought to be uni- 
versal or immutable have been found to 
be limited in seope, transitory in nature 
or based upon erroneous assumptions. 

‘The Nature of the Physical World,’’ p. 
xv, 1929, 
2 Ibid., p. 275. 
5 **Philosophy,’’ p. 106, 1927. 
‘ Ibid., p. 280. 


Stories. 
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If principles of the physical world are 


unstable and transitory things, how 
much more are pru ciples of the social 
world, where we deal to a greater extent 
with human conduct, will, motive, in- 
stincts and emotions. Can there then 
be a science of law ‘ 

This tearing down of long-standing 
physical laws has made many doubt 
whether laws, physical or social, have 
any place at all in nature. Perhaps they 
are mere devices of the mind to make 
the world about us comprehensible 
Perhaps but for the mind of man there 
would be no laws of nature. 
minded of the old question—Is there 


sound if there is no ear to hear? 


One 1s re 


A group of legal scholars began to fall 
under the influence of such philosophers 
and scientists as Eddington, Russell, 
Dewey, Whitehead and others, and the 
idea occurred to them that if long-estab 
lished principles of physics and astron- 
omy have gone to pot, maybe some of the 
moss-backed legal principles were not as 
Stable as supposed. As a result there 
eame forth a new philosophy of lay 
known as legal realism, which has all but 
relegated to the scrap heap the entire 
collection of legal rules found in the 
books. 


are to be found among members of law 


Although most of its sponsors 


school faculties, its most untempered ex 
ponent is Jerome Frank, a New York 
practising lawyer, whose book, ‘‘The 
Law and the Modern Mind,’’ is only 


short of sensational. If the so-called im 


mutable laws of physics proved vulner- 
able to the attacks of Einstein and the 
modern physicists, how much more vul- 
nerable were the comparatively inse- 
eure principles of law to the attacks of 
the new realists! Under their inexorable 
logic, venerable rules toppled over like 
tenpins. 

This new school of realism attacks the 
validity and utility of systematic ar 
rangement of legal phenomena in the 


form of legal principles. They deny that 











such an arrangement appreciably aids in 
predicting legal decisions. In formulat- 
ing their creed they draw not only upon 
the science of Einstein, the philosophy 
of Dewey, but also upon the modern 
psychologists. As I understand it there 
are two phases of their thesis: 

First, they deny that objective facts 
which have to do with legal controversy 
can be definitely ascertained or set forth 
and therefore can not be the basis for the 
application of set rules, assuming there 
to be rules. 

Second, that as to any group of facts 
which a judge or jury conceives to exist, 
there is no inevitably applicable rule of 
law. In other words, the judge has such 
a choice of so-called principles or for- 
mulae of words that he can first reach 
any result he desires and afterwards 
find an applicable formula. It is impos- 
sible, therefore, to predict a result in 
any particular case by consideration of 
the facts and by a study of so-called 
principles of law, because the facts are 
objectively unascertainable, and a rule 
of law can be found to suit any purpose 
or reach any result the judge desires. 
The decision is really determined, say 
the realists, by extra-legal factors, such 
as the judge’s education, race, religion, 
economic status and bias, psychological 
inhibitions, or repressions, political con- 
siderations, ete., ete. 

Suppose we now give a more careful 
consideration to these two angles of the 
realists’ philosophy. 


(1) IMPOSSIBILITY OF THE ASCER- 
TAINMENT OF THE FACTS 

Ascertainment of facts, whether phys- 
ical or social, involves the phenomena 
observed (1.e., the objective) and the ob- 
server (1.e., the subjective). The first is 
the origin of a stimulus and the second 
conveys and mentally records it. The 
result depends as much upon one as 
upon the other. Modern scientists rec- 
ognize the importance of keeping in 
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mind these two elements in fa 
One of the reasons for the ina 





old principles of physics was 
differ with different observers 
as with different objective p! 
The theory of relativity, I am j 
involves the view that things « 
happen, but that they happ: 
are observed to happen. 
Suppose an automobile ac 
some other event has oceurr 
gives rise to a dispute between 
more persons. There are a 
witnesses. A controversy deve 
fault and as to a basis of settlen 
one of the participants, consults 
yer, and states the facts as he De 
them. But is X’s impression 
standing of the facts an accurate tio! 
of what actually happened? T! t spe 
can be made known to the lawy: 
after passing through the senses 
and other witnesses whom the 
might call, and the various impr 
of these witnesses may be entire! 
ferent. Experiments have show 





rarely do two or more witnesses s wal 

things alike. They will observe thin: law 

that did not happen, or fail to kn 

things that did happen. his 
The variation in the mental pict 

the several witnesses may be due to s inf 

things as: gay 


(1) Defect in sight or hearing 
(2) The emotional state of the witness po 


and this in turn may have been deter luc 
mined by what the witness had for br I 
fast, how late he was out the night var 
before, or even the amount of secret mir 
of the various glands of his body. mu 

(3) The witness’s private or sul! mi! 
tive sense of value and his ethical and hav 
moral views. His mind will draw the 
ored inferences from the facts in spit ear. 
of himself. ace 

(4) The witness’s own race differing dist 
from the race of others involved. H The 
may have a strong prejudice against t mil 
colored race or the Jewish race. f 
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5) The extent and character of his 
wation (for example, if he is an engi- 
he would see things others would 
t see), social class, economic and polit- 
al background, affection or animosity 
wards particular individuals or groups 
ey represent (¢.g., plumbers, labor 
ns, auto mechanics) 

6) If the controversy involves 
mestic relations, or matters of sex, the 
witness’s attitude may be colored by his 
wn experience in such matters. His 


do- 


wn past may have created abnormal 
reactions to women or blonde women or 
men with Van Dykes or Southerners, 
Italians, ministers, college professors, 


Democrats. 

Childhood inhibitions or condi- 
tions, é@.g., a certain nasal twang in 
speech or cough may recall painful or 
pleasant memories. 

8) His power of recollection may be 
feeble or may be influenced by others to 
whom he has talked after the event. A 
story grows with repetition. 

(9) Desire to state what his lawyer 
wants may have its influence and some 
lawyers have a way of letting a client 
know what facts are most favorable to 
his ease. 

10) A witness, too, is bound to make 
inferences, deductions, and fill in the 
gaps of his memory. 

(11) Then there is sometimes the very 
potent influence of bribery or other in- 
ducements to dishonesty or perjury. 

If by reason of all or some of these 
various influences the picture in the 
mind of the witness is warped, how 
much more is the picture in the lawyer’s 
mind distorted when he does not even 
have the advantage of directly sensing 
the phenomena with his own eyes and 
ears but must accept a second-hand, in- 
accurate description of a picture already 
distorted in the minds of the witnesses. 
The result is a grosser distortion in the 
mind of the lawyer. Now upon the basis 
of this twisted picture the lawyer is 


AS A SCIENCE 


make a prediction of whi 


asked to 
judge would say are the rights of th 
parties when it can not be known what 
of a 
himself will have 


sort warped impression the judge 
as a result of a trial. 
But the lawyer hazards some sort of a 
guess as to the rights of the parties and 
a trial follows. Now the trial court will 
be confronted with more or less or dif- 
ferent than those conferred 
with by the lawyer. There will be many 
conflicts and inconsistencies in the evi- 
Their testimony will be influ 


witnesses 


dence. 
enced in various ways by the psycholog- 
ical and economic factors that have been 
related, and the net effect in the mind 
of the judge as to the facts is likely to 
be far different from that in the mind of 
the lawyer. Furthermore, who can pre- 
dict the effect of the judge’s likes or 
dislikes as to the lawyers or parties in 
the case, his economic bias, racial or re- 
ligious prejudice or other leanings or 
antipathies. Some contend that his de- 
cision may even depend upon what he 
has eaten for breakfast; hence the term 
gastronomical jurisprudence, which has 
been given to this school of thought. 
Are not all the diverting factors that 
warp a witness’s impressions of the facts 
likely also to warp the judge’s? If the 
dispute is between capital and labor, 
who can say how much his opinion will 
be determined by his bias for or against 
labor? If the question relates to domes 
tic issues, how much will 
be controlled by his personal feeling 
about marriage and divorce, sex 
duct, ete.? How much weight will such 
as the following factors have—that one 
of the parties is a Jew, is a Catholic, is 
a Republican, a communist, is wealthy, 
wears a diamond stud, was born on a 
farm, is uneducated? It must be re- 
membered that every case involves the 
making of innumerable inferences and 
deductions first by the witness himself, 
then by the lawyer in the case, and then 
by the judge and jury. The factors 


his decision 


con- 








enumerated are especially influential in 
these inferences. The judge, although 
not a witness of the facts giving rise to 
the dispute, is a witness of what tran- 
spires in the court room. He is a wit- 
ness of what the witnesses say and how 
they say it. All the limitations of a 
witness and many more limit the judge, 
because many wills, emotions, prejudices 
lie between him and the first-hand facts. 
If the case is tried by a jury, their 
biases, racial feelings, economic status, 
likes and dislikes, ete., all influence their 
compromise verdict and complicate the 
situation manifold. 
As Jerome Frank has put it: 


The ‘‘ facts,’’ 
cial when, as is often the case, a question of 
‘*fact’’ is injected into litigation involving a 
fee-simple. And those facts are, inter alia, a 
function of the attention of the judge. Cer- 
tain kinds of witnesses may arouse his atten- 
tion more than others. Or may arouse his 
antipathies or win his sympathy. The ‘‘facts,’’ 
it must never be overlooked, are not objective 
They are what the judge thinks they are. And 
what he thinks they are depends on what he 
hears and sees as the witnesses testify—which 
may not be—often is not—what another judge 
would hear and see. Assume (‘‘fictionally’’) 
the most complete rigidity of the rules relating 
to commercial transactions; assume (‘‘fiction- 
that decisions are products of fixed 
rules applied to the facts. Still, since those 
‘*facts’’ are only what the judge thinks they 
are, the decision will vary with the judge’s 
apprehension of the facts.5 


as we have seen, may be cru- 





ally’’) 


Without at this time giving any con- 
sideration to the law at all (which ac- 
cording to this school of thought can be 
applied in such a way as to reach any 
result desired) is it not practically im- 
possible for a lawyer with a distorted 
impression of the facts to predict what 
sort of a warped impression of the facts 
will be made upon a judge’s mind by a 
group of witnesses with a great variety 
of distorted and inaccurate impressions? 
And if a judge’s decision is hard to pre- 
dict, how much more hazardous is the 
verdict of a jury of twelve men? 

5**Are Judges Human?’’ U. of Pa. L. Rev. 
80: 35, 1931. 
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But the gauntlet of the lawyer’s 
has not yet been run. His predict 
not merely based upon what 
court will do. After all, the app 
court is the ultimate arbiter a: 
body that lays down the law upon 
predictions are based. What furt 
transformation and distortion wil] 
case go through before it reaches 
ultimate tribunal? This court does | 
the witnesses or 
voices. They examine only the print . 
page. How inadequately it spea is 
How remote it seems from the rea! | 
More than ever, inferences must 
drawn to fill out the picture. But 
judges have other leanings, | 
prejudices. To what extent do t 
color the interpretation of the facts { 
to mention the application of the 
the facts? Does the ultimate pictur Sur 
the mind of this court 
resemble the true facts as they act 





even see hear 





even rem 


occurred? After all, can the lawyer req 
advice as to the rights of the parties trac 
any more than a guess? any 

(2) DirFICcULTY OF THE APPLICATION Y's 


OF PRINCIPLES OF Law 
If witness, trial judge gi 
jury, and appellate judge have differ 
conceptions as to the facts in a case 


lawyer, 


ean there be any agreement as t 
plicable legal principle, assuming 
to be such? Principle can have 1 
istence apart from facts. It has m n 
ing only if tied up with concrete | wae 
nomena. But if people have differ aa 
mental pictures as to the external | and | 
nomena correspondingly will the n 
ing of a principle vary from pers 
person? But a principle is a pri 
only in so far as it is to some extent g¢ Un 
eral and compelling as it is carried f: 

one group of facts to another, and us ties 
by one person and then another, ther T 
creating uniformity in applicat ? 
There can be no uniformity and ther E 
fore no principle where mental picture “all 
differ as to the facts to which the pr bees 
ciple is to apply. 
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this reason principles, if they 
be called such, overlap and conflict. 
[ are not mutually exclusive. 
Where there is overlapping or where 
two conflicting principles seem equally 
applicable, what is to be the result! 
The supposed traditional method of a 
it’s reasoning is that the judge first 
general principle which 
covers the case in hand. Then, using 
this as a major premise and the particu- 
ur case as a Minor premise, the decision 
is deduced. But that this is not really 
what a court does may be illustrated as 
llows: It is a principle of law that in 
the absence of fraud or coercion persons 
of full age and of sound mind are free 
to contract and manage their business in 
heir own way. Another principle is 
that unfair competition is unlawful. 
Suppose X, a manufacturer, sells his 
‘commodities (say radios) to B and other 
retailers throughout the country and 
requires each of them to agree (.¢., con- 
tract) not to handle the radios of Y, or 
any other of X’s competitors. Y com- 
plains that X’s conduct is harmful to 
Y’s business. Now if a judge wants to 
reach one result he may state his syl- 
logism in this way: 


liscovers a 


In the absence of fraud or coercion people 
of full age and of sound mind are free to con- 
tract and manage their own business in their 
own way. 

This transaction was free of fraud and coer- 
cion and X and B were of full age and sound 
mind. 

Therefore, X and B should be permitted to 
contract that B shall not use any of Y’s radios, 
and their contract is valid. 


Or if he wants to reach the other re- 
sult he may say: 


Unfair competition is unlawful. For X to 
require B to agree not to handle the commodi- 
ties of Y is unfair competition as against Y. 

Therefore, the contract between X and B is 
unlawful and invalid. 


Each of these principles seems equally 


lapplicable to the facts. Why should 


The 


influences 


one be used rather than the other‘ 


question after all is what 
operate on the judge’s mind in causing 
him to select one 
than the 


economic 


major premise rather 
Would it 
the 
competition as compared to communism, 


other. not be his 


beliefs on advantages of 
or some other economic system, or upon 
his belief as to governmental paternal 
ism as compared with 
laissez-faire? Since the 
would influence a judge to select one or 
the other principle as his major premise 
ean not be told in advance, his decision 
can not be predicted. 
called, 
broadened to suit the judge’s desires or 


a doctrine of 


factors which 


If principle, so 
ean be selected, narrowed or 
purposes, or if the statement of princi 
ple is simply a rationalization of a con 
clusion previously reached by intuition, 
or by ‘‘hunch’’ or by other extra-legal 
process, can principle be any basis for 
predicting a particular judicial result? 
It should be noted here that after the 
judge reached his 
some intuitive or 


has conclusion by 
‘*feeling’’ 


proceeds to write an opinion wherein he 


process, he 


makes it appear that his conclusion was 
deduced from legal principles. He fre 
quently does not tell why he selected the 
particular major premise in his syllo- 
gism, which after all is the real key to 
The assigned 
Should 


postulates be re- 


his decision. 
not the real 
signed, but 
garded as of any value as principles for 
future decisions? 

A further objection to deductive logic 
as a legal technique is, according to the 


reasons are 
reasons. the as 


unreal 


newer thought, that it is impotent as a 
Nothing that was 
be revealed by a 


device of discovery. 
unknown before can 
syllogism. Herman Oliphant in his in 
troduction to Rueff’s ‘‘From the Physi- 
cal to the Social Sciences’’ puts it thus: 
‘*If the major premise does not include 
the case to be decided, it is powerless to 
produce and determine a decision of it.’’ 
But, on the other hand, if the major 
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premise ‘‘is taken to include the case to 
be decided, it assumes the very thing 


that is supposed to be up for decision.’ 
In either case the principle or major 
premise solves nothing. The syllogism, 


therefore, is sterile as a judicial tech- 
nique. 

So even if facts could be definitely 
and certainly ascertained (which they 
can not be) inevitable and exclusive 
principle could not be applied so as to 
compel or force a predictable result. 
Law, therefore, can not be schematized 
or set forth by systematic arrangement 
of rules. To attempt it is simply to 
bring an illusion of certainty. Courts 
**feel,’’ ‘‘sense’’ or by some process of 
intuition or imagination reach their con- 
clusions. They then rationalize, classify 
and fit into their conception of the legal 
system that result. The point is that 
the rationalization does not produce the 
result, but the result produces the 
rationalization. 

So much for the new realism. Is it 
to be accepted in whole or in part? Is 
it nearer the truth than the old ration- 
alistic point of view, which, as has been 
shown, would make law a comparatively 
rigid system ? 

It is my belief that the realists have 
performed a genuine service in knocking 
the props from beneath what might be 
called ‘‘rule hero worship.’’ There can 
be little doubt that lawyers as a class 
have had and still have too much blind 
faith in legal rules. If they can but 
realize that rules are simply arbitrary, 
artificial legal devices created by the 
imperfect mind of man in his attempt to 
comprehend legal facts, and do not con- 
stitute a universal, inevitable, perfect or 
infallible system to be inexorably ap- 
plied, the legal atmosphere would be 
clarified and law would likely become a 
surer instrument of justice. 

I have a feeling, however, that al- 
though what the realists say is true, they 


6 Rueff, ‘‘From the Physical to the Social 
Sciences,’’ p. xix, 1929. 


have erred in emphasis on one s 

as the older school erred in em; 

the other side. Their error lies 
realizing or at any rate not point 
the relative weight in the wi 

scheme of things, of the matte: 
which they talk. This overem 
no doubt pardonable during the 
ing period but becomes mislea 
philosophic summations or appra 

It is believed that a more accurat 
helpful view lies somewhere bety 
two extreme positions that have 
stated. It is submitted that t] 
large part of the law that is fair}. 
nite and certain, and that it sl 
that in that part, rules, imperf 
they are, do control, direct and 
lawyers and laymen as to how 
duct themselves; that by reason 
existence of rules many disput 
settled without the necessity of 
tion. Legal rules serve as gu 
business men, property owners a! 
fessional men in their relations 
each other. And, perhaps by reasor 
rules, the great bulk of legal busi 
the country never gets into court 
only the doubtful or border-line 
that cause fights. But even 
doubtful cases legal rules serve as 
posts ; they point the way to solut 
narrowing the issue involved 
bringing to bear upon the quest 
pertinent considerations. It can 1 
denied that there are many extra 
influences in the decisional process 
it is believed that in this process p! 
ous legal pronouncement and schen 
formulation also weigh heavily 
most judges. In spite of the insist 
of the realists, rules of one kind 
other will and should continue to | 
a most important part in legal thoug!' 
and action. 

Are there not cases where the pres 
vation of the integrity of a rule, desp!t 
a particular result which on its merit 
may seem unjust, is worth more than 
presently just result purchased at t 
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f the integrity of the rule? 
se the officers of the law involved in 
Lindbergh baby case had agreed not 
prosecute the kidnapers in order to 

are the safe return of the baby—a 
ble end in itself. Would not such 

have made other babies less safe 
kidnapers? Would it not have 

to kidnapers generally such en- 
iragement that they would have ex- 
nded their kidnaping activities? Sup- 
se a poor man negligently injures a 
in to the extent of $1,000. The 

of law is that the injured party 

iy recover his damages from the negli- 
party. But in this particular case 

t is a greater hardship for the poor man 
be compelled to pay the rich man 
£1,000 than it would be for the rich man 
fail to get the $1,000. Yet is that 
ficient reason for denying the appli- 
tion of the usual rule? Suppose A 
id B make a contract by which A is to 
pay B $1,000 six months from date for 
ot. Before the six months elapse, A 
ses all his money in a bank failure, the 
mortgage on his house is foreclosed, and 
e is let out of his job. It is probably 
re of a hardship on A to require him 
perform his contract than it would be 

n B to deprive him of the advantages 
f his bargain. Yet is the justification 
ere sufficient to warrant breaking down 
the rule that a man should perform his 
mtractual promises? If an offer to 
mtract is sent by post, an acceptance 
by post is effectual when posted even 
though delayed or lost. Suppose a let- 
ter containing an acceptance of an offer 
to sell goods is delayed and the offerer, 
believing his offer to have been declined, 
sells the goods to another before he re- 
elves the acceptance, and upon receipt 
the acceptance he immediately sends 
otice of his action to the offeree, who in 
the meantime has done nothing in reli- 
ance on his acceptance. The equities 
ere weigh pretty heavily in favor of 
the offerer. But can not a strong case 


Sup- 


AS A SCIENCE 


be made out holding the offerer 
his offer? It is oclally ¢ 
know that a letter of 
offer by post 


Business men can conduct themselves in 


mvenient t 
acceptance 


when 


is effectual 


postea 


accordance with this view if 
it is settled. 
litigation questioning its 
The rule will thus 
ment of controversies out of court. De 


they know 
Lawyers can advise against 
soundness 


promote the sett 


spite the injustice in this particular case, 
it can still be said that when a letter of 
acceptance is mailed there is a 
probability that it 


Only one letter in many thou 


will arrive in 
course. 
sands goes astray. Rules of law should 
be made to fit the probable situation, 
and they should not 
being disregarded in the rare case when 
some inconvenienced. This line 
of argument reinforced by the 
further consideration that as to what is 


be weakened by 


one is 


seems 


justice in a particular case is frequently 
hard to determine. It is frequently a 
matter upon which 
would differ. If what is just- 
a proper balancing of equities—ais a mat- 
ter to be left to the should it 
apply its own conception of justice, at 
tempt to determine what is the general 
opinion of the community, or the opinion 
of a majority of the judges who have 
given consideration to similar problems 
before? If it adopts the latter, it comes 
very near simply following the rule dic- 
tated by precedent. If the judge 
chooses to part company with the rule, 
he would probably do so upon the basis 


reasonable minds 


what is 


court, 


of his own opinion as to the justice of 
the case. Is that result, or the one fol- 
lowed by many other judges most likely 
to be just? Suppose in the case under 
consideration a court were to decide for 
the offerer, that be a good de- 
cision? § It make room for the 
view in the future that an acceptance is 
valid when posted even though delayed, 
if that seems the most equitable result, 
the 


would 
would 


or unless offerer has changed his 
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position. As a result other kinds of 
cases would be brought, raising the 
question as to whether the equities favor 
the offerer. But is the possibility of a 
different result in a few cases worth the 
increased litigation necessarily involved ? 

The idea of the desirability of the cer- 
tainty of legal rules may be illustrated 
by the playing of a football game. Im- 
agine such a game played without defi- 
nite rules determined upon in advance. 
The players would not know where or 
how to line up, whether to kick the ball 
or in what direction to run. The ref- 
eree would be at a loss as to how to 
decide disputes. Suppose a_ referee 
should decide that no penalty should be 
inflicted for off-side play when the play 
resulted in no advantage to the oppos- 
ing team or when the offender was pro- 
voked to get off-side by the violent 
language of his opponent. Such a de- 
cision would introduce a great deal of 
uncertainty and confusion into the play. 
When was the opponent’s language 
sufficient to provoke? Did the opponent 
use offensive language? Were not the 
words really spoken by another than the 
opponent, ete.? How many touchdowns 
have been recalled because a ball car- 
rier’s teammate was off-side on the 
play? And yet in many cases it was 
obvious that the being off-side did not in 
any way contribute to the making of the 
touchdown. Still who would argue for 
a change in the rule because of the un- 
just result in the particular case? Cer- 
tainty, uniformity and facility in refer- 
ees’ decisions and the possibility of 
adjustment to the rule by all players 
argue for its retention. 

Suppose courts did not decide cases 
by rule. One can imagine that the re- 
formists would then be clamoring for 
rules so as to expedite the business of 
the courts. The first thing thought of 
by a newly organized committee or 
eouncil which has a great many deci- 
sions to render is a body of rules by 


which it may classify its cases 
duce many of its decisions to 
thumb procedure. 

A formulation of a set of leg 
ciples is simply a method of org 
the legal phenomena found in 
decisions. This is not only desira 
is indispensable. This is not to s 
a particular formulation is s 
true, all others being uns 
doubt other formulations could 
trived which would produce ver: 
lar results, though the differing syst 
may appear in certain respects 
ing and inconsistent. The test of 
ness is simply convenience and 
To the extent that a system w 
sound. 

I have no doubt that an ent 
eould classify all insects upon 
tirely different basis from 
generally adopted. He could dra 
line of cleavage between classes 
different place or in different dir 
and such new elassification could 


ably be made as helpful for studying 


and understanding the insect w 
the one now in use. Surely an a 
mer could classify the stars 
heavens according to some other } 
than the one now used, but how 
the heavens would seem with 
plan. It must not be overlooked t! 
both the physical and the social 
things do not naturally arrange t! 
selves in classes or in accordance wit! 
principle. Such arrangements are sin 
ply the devices of the mind which ma 
the external world intelligible and con 
prehensible. The arrangements 
tentative, transitory, imperfect and 
complete. They leave gaps and over 
lap. Yet if they help to clarify p! 
nomena and make them rational t 
serve an indispensable purpose. 

Any one who criticizes systemat 
arrangements, because of inconsisten¢’ 
and incompleteness, must necessar!' 
construct another system in his 
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‘nd. whether he outwardly admits it 
not. And how long will his new 
ereation remain invulnerable to attack? 
The self-satisfied air of the critic who 
pricks only the balloons of others is 
amusing until the critic’s own balloon 
erumples and falls to earth. Then one 
is moved to pity. The objection raised 
here is not of the altogether commend- 
able occupation of balloon bursting but 
f the satisfied air of the burster. 

It is also well to remember that as to 
many questions presented to courts 
there can not be given a satisfactory or 
proved economic reason for deciding one 
way or the other. That is, the economic 
considerations may balance each other, 
economic opinion may be divided, or, 
what is more frequently true, economic 
data on the problem are not available 
and ean never be made available. Cer- 
tainty then becomes the controlling eco- 
nomie consideration and this can be 
attained only by adhering to the rule. 

It seems to me that the extreme realis- 
tice position is vulnerable at certain 
points. To the ery of the realists that 
facts and not principles determine de- 
cisions and that deductive logic is ster- 
ile, Morris Cohen in his ‘‘Reason and 
Nature’’ asks, ‘‘ What facts?’’ A mass 
of unclassified, unrelated facts reveals 
nothing, means nothing. They must be 
organized upon some hypothesis or 
theory. Deduction, says he, is a neces- 
sary tool in determining the relevancy 
of facts to the hypothesis or theory. 
Cohen would, therefore, object to the 
realists’ attempt to relegate the syllo- 
gism to the scrap heap as a futile tool. 
Even Dewey recognizes the desirability 
of schematizing the law for the purpose 
of explanation and as a guide to con- 
duct. He says, ‘‘There is a wide gap 


separating the reasonable proposition 
that judicial decisions should possess the 
maximum possible regularity in order to 
enable persons in planning their con- 
i duct to foresee the legal import of their 


AS A SCIENCE 2 


acts, and the absurd, because impossil 
proposition that every decision sh 
flow with formal 
antecedently 

**It is most important that rules 
should form as 


lomical necessity fr 


known premises.’’ 


eoherent generalize 
logical systems as possible.’” 

As I have already stated, recent d 
velopments in physics and astronom) 
not give much encouragement to leg 
philosophers in developing a system 
law that will aid in predicting the leg 
consequences of a particular course 
conduct. If laws dealing with physi 
things can not be formulated, how m 
more difficult is it to formulate a syste! 
of law dealing with human beings 
have wills, emotions and instincts. But 
it should be noted that the revolution 
physics has been wrought in the 
large affairs of interstellar 
the very small affairs of the atom, whi 


spaces al 


according to Eddington is as porous as 
the solar system and whose next qua 

tum jump can not be predicted. Things 
lying between these extremes are least 
affected ; e.g., rules still enable us to pre 

diet results in 
things as our own solar 
August 11, 1999, it 
there will be a total eclipse of the su 
visible at Cornwall, England. This 
event will involve the relative positions 
of but three bodies 
earth. I do not know, but would ven 
ture a guess that Lloyds would refuse t 

issue a policy of insurance against the 
happening of this event. It is possib 

but so extremely improbable that some 
kind of a solar cataclysm will prevent, 
advance or delay this solar affair that 
the mathematical chances of its coming 
off within seconds of the scheduled time 
are probably several thousands to one 
Other safe predictions can be made as t 

what will happen on that day in August, 
1999. The chances are almost so great 

710 Corn. L. Q. 25, 1914. 
8 Ibid., p. 19. 


such moderately size 
System. O)} 


is predicted 


the sun, moon and 
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as to amount to a certainty that the Mis- any more than other mortals. All tl 
sissippi River will not be dry, that 212 forces which they do not recognize ar 


a , ; A . name, have been tugging at the 
degrees F’. will still be the boiling point 


BA 
<a instincts, traditional beliefs, acquired 
of water under normal conditions, and tions: and the resultant is an outh 
that steam engines, electric lights and a conception of social needs, a sense ir 
radios will still work. These accurate Phrase of ‘‘the total push and press 

— 7 “ é cosmos,’’ which, when reasons are n i 
predictions are made possible by the so- Sgr 
; i ’ , anced, must determine where choice s 
called classical laws of the physical [py this mental background every pr 
sciences. Perhaps, then, there is 4 _its setting.1° 
range in the legal field within which 
prediction of results can be made with bom . 
babiliti “Tr t ] J , then to this, and little more: logic, and 
. ¢ > rele ea AY y tae 
probabil 11s weighing most heavily 19 ang eustom. and utility, and the 
favor of its accuracy. standards of right conduct, are th 
It is the wise judge who can divine’ which singly or in combination shape t 
aie “- _ » Reo Thic ¢ se for 
where rigidity should end and elasticity *™ of the law. Which of these { 
} . But > or learlv set dominate in any case, must depend 
or S 2 r - : 
ee. on no ous mS GROSS ClSEEs upon the comparative importance or 
forth the relative force cf these two op- the social interests that will be there! 


My analysis of the judicial pro 


posing magnets than Mr. Justice Car- moted or impaired. One of the most 1 
dozo, the most recent appointee to the mental social interests is that law s! | 
United States Supreme Court. He uniform and impartial. There must be 1 
in its action that savors of prejudice or f r 
says: or even arbitrary whim or fitfulness. 
fore in the main there shall be adhe 
The law has its formulas, and its methods of precedent. ... But symmetrical dev squ 


judging, appropriate to conservation, and its may be bought at too higha price. Unit 
methods and formulas appropriate to change. ceases to be a good when it becomes 
If we figure stability and progress as opposite formity of oppression. The social 
poles, then at one pole we have the maxim of served by symmetry or certainty must 
stare decisis and the method of decision by the palanced against the social interest serv: 
tool of a deductive logic; at the other we have equity and fairness or other elements of s a 
the method which subordinates origins to ends. welfare. These may enjoin upon the judg 
The one emphasizes considerations of uni- qyty of drawing the line at another ang P 
formity and symmetry, and follows funda- staking the path along new courses, of 1 
mental conceptions to ultimate conclusions. 4 new point of departure from whic! 
The other gives freer play to considerations of who come after him will set out w 
equity and justice, and the value to society of journey. If you ask how he is to kn 
the interests affected.9 one interest outweighs another, I can 4. D 
answer that he must get his knowledge t in} 
There is in each of us a stream of tendency, the legislator gets it, from experienc: 


. . SD } 
whether you choose to call it philosophy or not, study and reflection; in brief, from life 
which gives coherence and direction to thought 10 <The Nature of the Judicial Process,’’ | » ] 
and action. Judges cannot escape that current 12. 1921 peri 

9 ‘Paradoxes of Legal Science,’’ p. 8, 1928. 11 Jbid., p. 112. U 
i! 
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ood plant spec Ss has SO | \\ 
is factors in their historical per- 
spect as does Puerto Rico. Any 


try, especially in the tropics, more 


SS Si parated trom 1ts neighbors, and 


mding in economic flora, would be 


xpected to present many puzzles to the 
or searching for the original 


A en 


ibitat and the precise source of the 


vidual plant autochthons and immi 


The Island, comprising some 3,450 
iare miles of mountainous surtace, 
nd situate about midway of the Antil 
in Chain, some 4 or 5 degrees below 

tropic of Cancer, has at present 
mething over 500 species of food 
ants—not counting, of course, the 


indreds of horticultural varieties 


Roughly speaking, the origins of these 


‘nomics may be grouped under three 
early equally important epochs: the 


prehistoric the period from. sav. 500 


D. (when, we presume, the first human 
habitant appeared) to 1500 a. p.; the 


Spanish Régime—from the latter date 
to 1898; and the American Occupaney 


riod—from 1899 to date. 

Of the half thousand botanical species 
evidence, approximately 150 belong 
the prehistoric group, about the same 
imber arrived during Spanish oceu 


incy, and the remainder have come in 


ince—very largely during the first 


ntroduction boom’’ period, from 1902 
1910, and during the second, from 
23 to 1929. Mueh still remains to 
mplish: at least 200 valuable food 
dueing plants are as vet unknown to 


; 
y 


0 Rico. Only two other countries, 


about 


period 





THE ORIGINS OF THE FOOD PLANTS OF 
PUERTO RICO 


By O. W. BARRETT 
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jacent peninsula to the leeward, while 
the other Arawak countries got theirs 
via the Venezuela-Trinidad route; how 
ever, the paucity ot prehistoric maize 
tvpes in the Antillean region indicates 
that the crop came into the picture 
rather late, and it seems certain that the 
crop accompanied cassava thither via 
the lands along the south side of the 
Caribbean 

One feature in Arawak agriology 
must not be lost sight of—those 
Amerinds were good agriculturists but 
not very good fighters or explorers 
Whether the Caribs or the Arawaks, or 
some earlier type of Amerinds, are to be 
eredited with introducing into the An 
tilles such crops as cassava, maize, 
peanut, pineapple and some of the 
lezumes, opinions may well differ; 
granting that the piratical and eannibal 
Caribs did spread more food-plants 
about the Caribbean regions, it is, how- 
ever, logical to suppose that they had no 
good intentions or purposes in that con 
structive work. They made frequent 
trips from island to island, starting 
originally, presumably, from the main- 
land coast opposite Trinidad; and in 
their large, unsinkable dugout canoes 
they earried both fresh and dried pro- 
visions: the ‘‘head’’ of an ‘‘ananas,”’ 
carelessly tossed into the seaside serub 
during a makeshift feast (on local 
Arawak flesh, very likely) might readily 
establish a stand of pineapples there. 

The peaceable Arawak farmers seldom 
dared to till lands in proximity to the 
seacoast ; however, there were a few val- 
leys in Puerto Rico which happened to 
be protected by swamps or dense forest 
on the seaside: Yabucoa Valley, in the 
southeastern part of the Island, was an 
example Protected on three sides by 
mountain ranges, well watered and 
drained, and shut off from approach 
from the sea by a mile-wide swamp at 
the eastern edge, this fertile, alluvial 
and hill-wash valley was for centuries 
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| pe rhaps Tie hest 


the scene 
in Boriquen; and the name 
dence: the mattock-like ho 
their princip 


, . ; 
Tool and the prefnx asen 


*bucoa, was 


p i( 0 I Vl 
Yabucoa was the hoe-pla 
some ten square miles in 


ine several thousand Araw 
ideal site for the dev 
primitive crop industry 


We shall never know m 


details of Arawak agriol 


Spanish reeords are exasp 
ger. The salient points i 
of prehistoric food-and-shelter 
are, nevertheless, very interest 

Crops were raised and 
every month of the yea 
two rainy and two dry seasons 
inches of rainfall, warm or | 
always, with a light northe 
easterly breeze about ten mont 
vear ; clothing, none; shelte 
pole bohios or huts, one for 
with leaf or grass thatch. Play 
were large, and kept clean. T! 
were in small groups probab ; 
villages 

The two great root-crops, \ 
ably made up of ya and tuka « \\ 
and yautia, were their preces « 
tance. They were meat-huner 


few bean-like seeds supplied insu 


proteids. The hutia, a splendid l 
of the Rodentia, weighing some 
fifteen pounds and resembling 
marmot, was their favorit: 
Turtles could often be eaught 
beach. Manatees abounded in t 
mouths and bayous Fish they 
in eotton-cord and _ bark-fiber 
when the seascape was clear. 0 
had from the corozo palm nuts 
as from the blubber-blanketed n \ 
and the turtles. 
The Boriquen Arawaks, up 
arrival of the Spaniards, had spent mo +] 


of their inventive efforts on their ( 
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some UNKNOWN piel 2 : I] 
S | SSa Vas r \ i vy 
stem-cutt S he ! et 
nal materia Ist do 1 | ) 
xcept at the end Bi : 
, S and wi \ l } S n ~ 
( 1 by either rains ! b 
S rine their oer ne seas reg } | , S 
n we nly auring tl 1utun B ! S 
seasol Henee the Arawaks h Panat 
R were constrained to di | s 
s just before the winter ra Bi . . 
ind this Aasabe served as ! class 5 | 
d for tl W nd spring ibt t 5 
. treated raw produ they val s 
1 peculiar sleey r evlinder ¢ s S \ \ 
S fiber ! wi eh ! rrated \ ~ 
vet fecula was pressed to ex nowhere does 1 val 
poisonous Juice; by suspending the size of Puerto Rico’s 
s contraption from a hut pol and Of the 39 sp S \ 
a heavy weight on the botton recognized | Enelet I 
| the extensible sack the watery CAST & ane } bablv 10 re 
eradually was squeezed out, to be’ in Puerto Rie nd 5 


down into a black, piquant, odor tivated in A) times as 


. highly wholesome concentrate, undoubtedly several vai 
ed CaSSaree p, which was used as a speeles, In evident 1? 1500 A 
sauce—and still is—as a preventer of disappeared within the s1 


lvsis, in the famous West Indian turies. When tl vriter beean 1 first 
pepper-pot’’ and in meat sauces of the yautia surv: n 1902. several of t 15 
Worcestershire type. By the way, this or more distinet cultural varieties 
‘a Squeezer Was pt rhaps the Arawaks’ Puerto Rico were just o1 
greatest invention in the industrial line, extinetion. While not a 
is was the mysterious ‘‘stone-collar’’ in perhaps, thi videnc f ft plet 
line of the ceremonial mise en secéne seedlessness of tl ‘ultivated | rt 
Probably nearly if not quite all the Rican yautias indicates mam turies 
storic varieties (probably 6, per of eultivation in lo A ren bh 
ps 10 of the Vuca in the Boriquen homology IS presented by t {) nt 
brought in from Venezuela, via the taros: like the iutias. t sometimes 


1 


Lesser Antilles. The species very sel flower. but probablv have nev 


sports, but very possibly seedling duced seed within historie times. The 
[s varieties did originate in loco In the flowers of both gro Ips are n Is 
sent day, some sorts set seed under and snails are not very adaptabl 
vorable circumstances; probably, in animals 
\rawak days, however, with no open With two or three excevtio , 
‘ultivated ground, no yuca plant was Jamaica, particular the Boriqne? 
left intact bevond its first vear ; va itias are superior f od plants Ss con 
tl retically, Manihot Vanthot L pare d wit! other trop eal American 


IS € quasi-perennial—like its wild varieties. Therefore, we ean sail say 
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CHAYOTE SECHIUM EDULI 


FRUIT, I PROUT FROM THE SINGLE NON 





REMOVABI SEED. 


that Puerto Rico is the home of one of 
the oldest cultivated root crops. 

Two native Belembes (CY. hellebori- 
folium and X. brasiliense are used as 
spinach ‘‘greens’’ (‘‘callalous’’ 

Considerable uncertainty surrounds 
the status of the sweet potato I pomea 
Batatas) in pre-Spanish Boriquen. It 
must have been brought thither from 
the old cradle of so many (60, odd) food 
plants, Central Western South America, 
via the Venezuela-Trinidad route; but it 
apparently was not in very good favor 
with the autoehthons of Puerto Rico. 
Both the Cumara, or dry, and the 
Apichu (to use the old Inca names) or 

















YAMPEE (DIOSCOREA TRIFIDA) 


ONE OF THE WORLD’S BEST TABLE ROOTS. 
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moist types, were In evidences 
far back in the Arawak r 
hard to account for the unpopu 
the batata among the farmers 
days; possibly it was a comp 
new arrival. Aside from the 
of hybrid seedlings, there see 
little change in the character 
crop, in historical times 

The leren (Calathea Allou 
likely partially cultivated in t) 

for a very long period before 15 
never seeds. Its excessively 
period—3 or 4 times that of the | 
must have militated against its 
status as a crop. It was appar 
more importance in the Leeward | 

Dominica in particular—and s 
be a West Indian, rather tl 
American plant. 

The two (white and purple 
Mapuey vams (Dvioscorea trifida 
probably brought in before L000 
South America Presumably 
inferior indigenous yam species 
little importance in Arawak days 
good ones came with the slaves 
haps the ‘‘air potato,’’ or ew 
pilosiuscula ) , was used as a 
ration. Its negative feature is 
terness of the liver-shaped 
bulbils), and the positive is its ext 
durability. The ripe bulbils fro. 
vines keep a vear or more after p 
The dunguey D. altissima 
largest of the indigenous yams 
could always be found, when 
must, in the denser jungles; 
ascends to the top of the tallest 
and down again. 

The tevote, or chayvote S¢ 
edule), appears to have originate 
food crop right in Puerto Rico 
varieties (6 or 8) are found her 
anywhere else, and the vine seems 
piest here A 15- or 20-mont 
plant may easily attain a length « 
feet, and may produce a few hw 
half-pound to pound fruits 
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but always more or less fibe1 t] 


rregular-shaped root probably pro 


vas popular—and never will be 


is much doubt about the old 


< is (Cacara |Pachyrhizus| tube- The 
eine indigenous in Puerto Rico; numerous 
er is inclined to believe that it exeeption 
before the Spaniards, if not important 
fore the Arawaks. It appears to The mame 
tside of Mexico, an obsolescent Latin bui 
Pp, due probably to 1ts tendeney rather tl} 
n to vines’’ instead of bearing the presumab 
sweet, turnip-like false tubers eS 
,' :, : - 
\ shall never know whether’ the 
ss ate its large succulent green 


{nother mysterious root-crop, which 
probably arrived in the pre-Colun 
ra, is the arracacha Arracac al 
rhiza): either the Caribs' or 
aks undoubtedly brought it up 
Venezuela—the only 
it has, strange to say, ever been 
ar (in civilized times). Sinee it 
rently never flowers, we infer it has 
been a cultigen The name, of 
tain origin, is applied to several 
bers’’ of northern South America 
Probably none other, of the dozen or 
members of the Umbelliferw whic} 

luce edible roots, is so prolific 


1? 


tentially such a good root-crop; the 





rge, irregular-shaped, odorous root 
ne the combined flavor of the ear 
ery, parsnip and squash, may he 


im situ for years—portions being 


Spaniards as Yuquilla; and the Maraca est 
Canna edulis), or Tulucuma from = the 


would 


eh the Freneh devised ** TOUS les- The 


is’’), or edible canna. Both these 
DS vield prodigiously under favor n 


conditions, and to the Amerinds not 
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- Ree vrainh 
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moved from the central ‘‘mother’’ : 
ump as required. It is naturalized in fopect ty 
Jamaica (if not indigenous aii ~ ai 
Two more root-crops were probably ably. a 
vated, more or less, by the Ara- Not onl 
iks: the Maranta (Maranta arundi-  |one but 
ea), or arrowroot, known to the and keeps 
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These ‘*hog-plum’’ drupes, pale yellow, The jacana (Lucuma mu 
an nel me, with a sweetish, slightly the ausubo (Sideroxylon rlid 


turpentines taste, cover the eround in fairly 


Season inder the 4()- to 60-foot trees: Irults. though The pulp 


the autochthons could, in erop time, seanty. (The Spanish spelli 
always count on ‘‘filling up’’ with the’ lar food-plant names is supp 
mombins, though almost certainly even based on the names app 


then the pulp was heavily infested with ‘*Indianos 


the (wholesome) maggots of the West The ecorozo palm | 

Indian fruit-fly. ata), known in other Antilles 
Around the coast there was always” gru, was the only native paln 

another wild fruit, a dry-pulp drupe the Arawaks. Their ston 


larger than the mombin, and either probably seldom used to rei 
black or whitish—the ieaeo (Chryso- large ‘‘ecabbage’’ or terminal bu 
balanos Icaco) ; the long crop season was’ excellent ‘‘salad vegetable,’’ wi 
a positive factor. some 10 or 1d pounds apiece; but 
The pineapple Ananas Ananas was the ripe exocarp and the Coco! 
almost certainly a native of Brazil, and endocarp were oily and wholesom: 
very probably the Caribs or Arawaks The delicious nispero (Sapota A 
had purposely or otherwise brought it formerly known as Achras sap 
up to Boriquen some time before the supposed to be indigenous thre 
sixteenth century, though it was hardly the Antilles, but, outside of | 
a food-plant until the Spanish began America and Panama, it appears 


cultivating it. The autochthons here a rare tree. A double handful 
presumably had no name for it, where-  russet-skinned fruits made a m 
fore the Spaniards applied the name any native lucky enough to find 1 


pifa—as poor a joke as coco, which the nearly 13 per cent. sugar, with but 
Portuguese gave to the big palm nut’ waste. 

from the Orient, with its mouth-and-eye Three or four kinds of murta (/ 
holes, reminding them of the children’s nia floribunda, E. avrillaris, ete 
‘*eoeo.’’ or face mask. By the way, the here and there over the Island, and 
Portuguese deserve some eredit for still consumed in season 

keeping the old Amerind name, ananas The cocobola Cocolobis uv 
(accented on the ultima, as usual), for which the Spaniards ealled ‘‘Uy 


the low-grade, half-wild, tongue-tortur- Mar,’’ furnished eonsiderable fo | 
ing, sour lump of juicy fiber that has the coastal areas; its grape-like clus | 
developed into one of the four best of purplish berries are fair eating 
fruits within but four centuries. And Another littoral tree or large s 
by the same token, how shall we explain’ the pajuil, cajuil or cashew (An 


the fact that by the time the Americans dium occidentale was probably 





arrived in Puerto Rico the Spaniards mon all around the Island in | 
had somehow bred up or ‘‘selected’’ the times; the false-fruit was a good thirs' 
giant ‘‘cabezona,’’ one of the very quencher, if not highly nutritious; | 
largest varieties—and the only one ever doubtful whether the Arawaks ' 
exceeding 30 pounds in weight? learned how to get the excellent ker 

The jagua or genipap (Genipa ameri- out of the corrosively poisonous s 


cana) was probably never very popular, Possibly this food-plant was brought 
on account of its bad odor and strong’ by the Caribs from northern Braz 

taste; but it could 
throughout Boriquen forest areas. 


‘ 


‘stay hunger’’ Venezuela), where it has always 








known as acaju. 
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I bably The Calnits ~ 
(‘si ycophullum C'ainite Was ere 
Spaniards arrived—both 
d the purple forms of it; but 11 
mes it does not ippeal 1) i 
Sp S iS are tii iil spec S 
the same enus, W 
smaiiel Dut very edb vild 
0 ns may differ, mghtl s t 
the euavaba Psidium (sua 


r guava, is indigenous; the nam: 
s to be Arawak, very significant]: 
strictly native, it might have beer 

in either from the south Bra 
the west (Cuba and Central 

“a It was probably semi-cult 

by the Amerinds here—an exc 

«1 species. 

'f the far-flung Annonas, we can be 
but one, the custard-apple | 
lta an important fruit in the 
open regions. The Arawak name 
s probably cayur—also applied to the 
ar but hardly edible pond-apple 


labra); but the Spaniards called 

















PAPAYA (CARICA PAPAYA) 


MALE PLANT ABOUT 9 FEET HIGH AND 1 


YEAR OLD 
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Quite possil sup 
species 1. » | 
tl ruanabat sour-sop 
SV t-sop ! } ! Spal ~ 
were indige S S é ! 
indicate 

Around the south coast 
three or four pitajayas, cactus fruit f 
the genera Hyl ts, 1 
Harrisia S : 
tive re ;' i 4 » 
i sweet pulp, n I 
tially eult va ! t 
the Spaniards ept hae 


The papaya or lechosa (Carica 


papaya IS nce! } ’ ; 
was probab S é 
the Span S| r } ()y } a 
Species T PP ssiffo? ' " ‘ P 
S} a 1, especially m 

i”) } the enrol ; > 

rms, the euruba. o1 S e | , , 
riquenos Call it parcnha were Ol | ad 


l 


Value to the “‘indigvenas 

The guama (Inga laurina vas prob 
ably used by the Arawaks as a forest 
food plant: the ouaba I. vera may 
also have filled hungry stomachs in that 
time, 

How mahiz, or maize, reached B 
quen is a problem. Since, with the find 
ing of the famous fossil ear in Peru. we 


are confident that it originated some 





where south of Panama. and we have 
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either the Yueatan-Cuba or the Vene- 


zuela-Trinidad route or both to con 
sider, the writer inclines to the former 
Apparently little notice was given by 


the first Spanish settlers to the giant 


grass they called maiz the ‘‘h”’ 


being ever a precarious article in Span- 
ish orthography!) ; but in Quisqueya 
Haiti, of the Caribs)—the big island 
to the west, which he named ‘‘ Hispani- 
ola’’—Columbus found immense fields 


of this magnificent cereal, the lke of 


which has not been seen in this part of 
the world since: allowing for travelers’ 
license, the fact remains that his small 
army had some difficulty in passing 
through the said vast cornfields of the 
north-central plain of Santo Domingo. 

Whether the Arawaks had learned 
how to utilize the starch of three poison- 
Ous marungueys Zamia Spp.), is 
doubtful; the amount of food contained 
in the underground short thick stems of 
these indigenous ‘‘coonties’’ is nearly 
limitless—the small pockets in the coral 
limestone hills on both sides of the 
Island often carrying tons of the raw 
material per acre. 

The bixa, or annatto, or achiote (as 
the present-day islanders eall it), (Bira 
Orellana) was undoubtedly here before 
1500—but used more for body-painting 
than for food. 

The Spaniards were, from the first, 
imbued with the idea of introducing a 
great variety of food crops into their 
newly discovered dominions in the new 
‘*Tndia’’: and they must be eredited 
with establishing the world’s first horti- 
cultural experiment station—near Toa 
Baja on the Plata River, not more than 
15 miles west of San Juan, the then 
‘*Puerto Rico’’ of Boriquen (or, as they 
eall it, ‘‘ Borinquen’”’ 

One very questionable account indi- 
eates that Colén actually earried a few 
plants of sugar-cane from the Canary 
Islands to Hispaniola on his second voy- 
age, in 1493: of course that could hardly 


have been possible, for it seems 
reached Las Canarias, from 
not until 1503. The writer b 
**honey-bearing reed’? sar 
Puerto Rico several years pre 
1520—when the aforemention 
Experiment Station on the Nort 
was known to have quite a res 
collection of economic plants 
propagation for distribution 
eager colonists 

The Spanish authorities, 
experience in plant introducti 
lems, but with laudable zea 
about everything they could 
on from the mother countrm 
wheat. rve, olives. ete.. pre test ec 
the tropical heat they blamed 
nists, but finally decided ther: 
something inimical in the elin 
all. 

The four outstanding features 
Spaniards’ early efforts at er 
plantation in the Antilles ar 
sugar-eane, coffee, bananas 
nut. 

The so-called ** Arabia 
reached Boriquen from Hisp 
1736; the first Haitian plants 
troduced from Martinique 
Martinique had received a few 
via Franee, from Java, about 1720 
Afriean, or ‘‘Arabian’’ (C% 
bica), was the only species en « 
in the Island, so far as we know 
American Occupation: over tw 
ries in arriving, and even then 
quired another century to put 1 
industry on its feet. 

A Spanish priest, Diego Lorenz 
the eoconut to Puerto Rico fr 
Cape Verde Islands a little before 
and quite likely he took one or 
kinds of bananas thither at abi 


same time; another friar, Tomas d: 


langa, had found, in 1516, the Gu: 
of Las Canarias (the next arehi 
to the north of Cabo Verde) rev: 
their new crop, bananas, and no 


Ip 





? 














THE FOOD 





PLANTS OF 








PUERTO 
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C'ENTRA ABO 


vlue I’ would have hey ected to 
nsplant them into the West Indies at 

st opportunity; in fact, it appears 
Berlanga did attempt to take the 

p to Hispaniola at about that date 
Notwithstanding rumors to the con 
ry, the writer believes no coconut 
d no banana, of any sort whatever, 
is known to any Amerind prior to 
1516; what the ‘‘platanos,’’ reputed to 
available for victualing ships, up a 
ver on the mainland across from Trini 
l, were is a great question. And here 
ire other relevant questions: Why have 
Puerto Ricans always called bananas 
‘guineos’” (guineas), instead of keep- 
ng their original African (Gulf of 
Guinea) name ‘*‘banana’’ or ‘‘ bamana’’ 
Why did the Spaniards invent the 
ime “‘platano’’ for certain types of 
hbananas—with not the slightest resem- 
ince to, or connection with, the 
jatano, or plane-tree (sycamore)? By 
way, it is possible that the Arawaks 


times ate the coarse rhizomes of the 


i 


{RUM OFFICINALI 




















bihal, or pompano (Bih b 

wild ‘‘aneestor’’ of the bananas 
Only the ubig WtOUS Freel 

varieties of coconut were Int 

the Spaniards, in our ki edge. W 

travelers these two old twn 

have been for 400 vears : 


did they come trom when 


out to cover the tropics, east al s1 
The citrus fruits arrived ear P) 
ibly the sour orange and 
first, and the ‘*‘China,’’ as the P 
Ricans insist on ealline§ the : 
orange, was distributed to | rida al 
the West Indian colonies about t mil 
die of the sixteenth centur: \nother 


query : Why did the ex 


orange, brought around by 


guese at the beginning of 1 


century, lag behind, by 400 years or s 
the very inferior sour orange intr 


by the Arabs, by the overland rout 
presumably, into the Mediterra 
countries ? 


The lime and the sweet lime cam 
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ranges and the eitron. The C. maxima) were fa 
rough lemon, formerly so popular inthe Island on the arrival 
Island, is, of course, an immigrant, if The calamondin (¢ 
not a ‘‘sport’’ loco: but we do not Philippine Islands 
know what it s, much less when it came some thirty years ago 
The p is we should call the grape The mango did not r 
fruit (C. paradisi), is a West Indian’ appears, till 1740; 


} 


upstart, but it probably originated India varieties began 


about 1905, when the I 


of Agriculture took up the 


work in earnest. 


The panas, or 
carpus ineisa and A. comm 
in the West Indies from Po 
1793, and probably reached P 
via Jamaica early in the 
century. 

Cacao was introduced 
nental America in 1636; pres 
only the common *‘Criollo’’ and 
astero’’ sorts were known her 
1903 (when the writer brought ir 
teen forms from Trinidad 

Although a wild avoeado 
portorves WSIS was clise vere d 
mountains of Puerto Rico (about 
it is certain that the Spanish 
the common West Indian type 
westward, probably rather tard 
ing their régime. The Guatema 
the named commercial varieties 
brought in by the Americans, of 

Of the miscellaneous fruits 
were brought in during the S; 
régime, the following were of n 
portance: 

The rose-apple, or pomarosa (F 
Jambos) ; early naturalized on the 
side; the guinep, Spanish lim 











quenepa |perhaps an Amerind 1 
BREADFRUIT (ARTOCARPUS INCISA Melicocca bijuga) may have 
SEEDLESS FRUIT. brought in before 1500. but seems } East, Afri: 
to be wild. The grosella Cicca painstal 
somewhere near Porto Rico about the ticha) must have been brought a! the quon 
end of the nineteenth century, or a little from the Orient long ago The 
earlier; had any one supposed such a_ dilla (Passiflora quadrangularis), | exasperati! 


) ngapore 


sour, bitter fruit would ever have be- Central America. has lone been wv turist. sin 
come a $40,000,000 crop, its birthplace  eultivated—with good reason. Th alized, 


might have been loeated. Shaddocks' ental carambola (Averrhoa Caram 
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been brought 
but is confined 
inder the i 
The 
Term nalia 
incertain period 
ippines Mystery 
‘lent fruit, the 
stupid name for 
uit! , Or Namey say 


formerly known as 





sa or ¢ aloca) wit vain 


most unknown before 


egime, vet quite possibly 





The hevi, or jobo de 
las dulcis), and the common 


a, or Spanish plum Pe) urpurea 


rare jobillo, or ciruela amarilla 


la) is of uneertain origin. The 
megranate Punica qranatum 
early, as, of course, did the oli 
te—but they might as well have 
left behind, with the peach, pear, 
and plum. 
Indian tamarind was, perhaps, a 
immigrant with the mango; the 
vy rare sweet variety probably never 
ved 


Kies have never been able to long 





thstand the nematodes. 





One of the most important introduce 
ns of the Spaniards was the Guinea 
im (Dioscorea rotundata) ; it was the 

e-de-résistance on the slave ships. 
Some of the water vams (D. alata) may 
ive come across in the same way 
Hardly any class of important food 
ants are more shrouded in mystery as 

their origins and early migrations 
an the yams: the 300 or 400 varieties 
scattered through the Far East, Middle 
East, Africa and Tropical America (and 
0 painstakingly studied by Dr. Burkill, 
the quondam superintendent of the = 
Singapore Botanical Gardens) present 











exasperating problems to the horticul- CACAO (THEOBROMA 


turist, since many sorts are extremely 
ealized, while many appear ‘‘cosmo- 


olitan.’’ The yellow yam (D. cayen- 
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GRANADILLA PASSIFLORA Ql 
GULARIS 


nensis), the akam (D. latrfolia), and the 


potato or papa (D. esculenta) are exam 
ples ad hor 
The candle-nut, or nuez de la India 
Aleurites moluccana), was brought in 
from the Orient or Polynesia long since. 
The chestnuts and the walnuts did not, 
of course, succeed; a native walnut 
Juglans amaicensis), however, is in- 
digenous in the mountains of west-cen- 
tral Puerto Rieo. The true Algarroba 
Ceratonia suliqua never has succeeded, 
but the native tree of the same name 
Hymenea courbaril is a common 
open-country tree and was_ probably 
used by the autochthons for its malodor- 
ous but nutritious floury yellow feeula 
in the large hard-shelled pods 
Ginger, from India, was one of the 
most profitable crops of the Boriquen 
colonists in the sixteenth century in 
fact, was so popular that a royal edict 
had to be issued restricting its eultiva- 
tion (which was threatening the strug- 
gling sugar industry here then). Tur- 
meric (Curcuma longa), also from the 
Orient, was here early in the Spanish 
régime, but probably never used much. 
The Iberian vegetables were all tried 
out, and onions; several beans; okra (or 
gumbo—both African names, indicative 


of its origin: known now as ¢ 
(Abhelmoschus esculentus 


ealled remolacha : Carrots: p 


sorts; lettuce; a few melons: 
} 
i 


eggplant locally called ber 
watereress Sisymbrium \ 
aquaticum), called berros; 
cucumbers ; several squashes ; 
these have behaved as well as 
expected; two varieties of n 
not to be found elsewher 
the hot peppers and okr 
Peas, turnips, watermelons, « 
celery, varlie ehiek peas SO @! 
ished by all Spaniards), the 
of Spanish salsify, spinach ar 
the strictly temperate gar 
plants did not do well; vet 
for high-priced watermelons 
here, and spinach IS sometimes 


Whence and the 


pigeon-pea Cajan Cajan), ean 


knows, but it has lone been 
Island’s best crops; more ‘‘nat 
named varieties are 

than anywhere = else, 

writer believes this valuable 
food crop originated in the 
ley, and that it worked 
through Egypt, where 1 
popular, some 5,000 years 

was put into sareophagi: stra: 
only one country has really exp 

Hawaii, where it probably ha 
for years, unrecognized, befor 
for the great erop expansio! 
from Puerto Rico! 

Rice has never been a popula: 
Boriquen. But several of the s 
millets do very well if given 
The slave traders were proba 
dentally responsible for bring 
Guinea eTass Panicum mariner 
the ‘‘bedding’’ for the poor ¢1 
below decks. That and malo}! 
harbinode were the two main 
erops in Spanish days; the latt 
from South America. 

One of the best small 
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r ajonjo 


puiar am 


Spaniards liked 
nd probably no o 
supphed with spice 
$5 species being 
ants of Porto Rico.’*' The most 
one, perhaps, oregano 
Lippia helleri), which was 
be endemie, but the writer 
it in markets in Santo Do- 
t ‘‘eombines all the good quali- 
ll kitehen | '* Spanish ood plat 
Origanum wv Iga) and the Whenee and 
thick-leaved, powerfully aromatic Caladium € 
brujo Coleus amboinicus) are coarser, low-era 
species, which should be in — strictly Orienta 
varm garden. Basil, sweet mar » shall never 
ind rue are fairly common, as are been sen 
and mint. But sage and eara ditches and 
ipparently awaited American oceu- » of the cheapest 
Qn a par with the fetid vale 





popular in olden times, is the 


del monte Eryngium la 
which does flavor the stews of 
haros. 
strange, little-known curuba, 
angolo or eassabanana (Sicana 
fera), probably from Brazil (not 
la), has long been seen in all the 
markets, though, like the giiiro 
Cucurbita lagenaria), it is sel- 
seen growing; it would be of much 
‘est to know where these old eculti- 
s originated. 
Vanilla, probably from Mexico, may 
ave rrived before 1900. but was not a 





mmercial crop until very recently. 
The gherkin or pepinillo (Cucumis 
wm), may be indigenous 
Himalayan raspberry Rubus 
folilus), wrongly known in_ the 
d as fresa (strawberry), has long 
naturalized in the mountains, and 


one of the few fruits in the 
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SESAME,-OR AJONJOLI 


SESAMUM INDICUM 


(4 To 6 FEET IN FLOWER. THE SMALL WHITE, NEARLY HULI 


ABOUT 60 PER CENT. EDIBLE OIL. 


or ‘‘ecountry folk.’’ There were no 
other taros here before 1900; but in 
Dominica there was discovered (sic) re- 
cently a strange taro, called ‘‘dasheen 
de azufre,’’ which had been used by the 
‘*natives’’ of the interior of the Island 
for an unknown period of time; it seems 
to have been peculiar to that limited 
area and to have been cultivated by the 
‘*Indians.’’ The oceurrence of this ecul- 
tigen (?) in Dominica, the malanga in 
Puerto Rico and the dasheen in Trini- 
dad would seem to refute the idea that 
the taros (‘‘Colocasia’’ spp.) are all 
paleotropieal. 

Tobacco (known to the Arawaks as 
cohiba), a masticatory and not a true 


food plant, was widely cultivated 
Antilles long before they were 
ered’’: it was chewed, ‘‘snuffed 
smoked through ‘‘tabakos’’: It 
‘drink a glass,’’ can we not s! 
‘*tabako’’? 

The so-called American introd 


are of less agrological interest. 


fr 
standpoint of origins, at least. T! 


standing features may be brief! 
down. 

The mangosteen, the ‘‘world’s 
fruit,’’ was brought in from Tri 
Botanical Gardens, in 1903; 
dozen other specimens have al 
since, but the two sturdy and ver 
lifie seedlings, which the writer ‘‘! 
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j 
itata 


1902 wher 
Experiment Station w 
established at Mavyag 


Important ones are 


' 
the satsumas and 


the three kumquats, lim 


nese Meyer’s ‘‘lemon,”’ 
the orangelo, and a 
cnown Philippine notably 

ca pi C’. webbhe) Cha 


ermum glutinosum ). the wamp! 


ausena lansium the Davao 
on,’’ the kabuyao (C. | Papeda 
trix), the amontay C. hystrix var 
talamisan (C. longispina), ete 
Other rare Philippine fruits of recent 
val are the mabolo Diospyros dis 
the ketembilla 


the lanzon Lansium domes 


Dovyalis hebe vams; the 

roots but the 
certain. Purple y 
day find favor in | 


Some 2Pd50 sort 


; j } . 
MWesmd DUNMUS 


win). the bignay An 


lemasa Artocarpus champedan 
anonang (Cordia blanco’); several 
ilippine food species have been estab 


sweet potatoes Wwe 


ished 25 years or more—such as the jak Department 
Artoc arpus integrifolia), the aspara Demonstrati 
Psophocai pus lé tragonolobus 


Jambosa malaccen Ties are 


In 1924 a 


rus-pea now named 
e Malay-apple 
The Surinam cherry (Eugenia 


now 


miflora) and the akee (Blighia sapida 


ire not yet appreciated 
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eas’”’ Opuntia rubescens inermis ), was Pennisetum purpureum 
found in St. Thomas, American Virgin’ gerass (Melinis minutiflora), P| 
Islands; a food and fodder plant of adlays (Coir lachryma-jobi) in 
merit; propagated by its ‘‘fruits’’ (not and kikuyu (Pennisetum cland: 
seeds Alfalfa rarely succeeds here 
The white sapote Casimiroa edulis By far the most important cr 
and or C. tetramera) may become an_ introductions under _ the A 
important new fruit. The voa vanga, or régime have been the new 
Madagasear tamarind (Vangueria mada sugar-cane varieties: these 
gascariensis), arrived in 1903. largely from Java, but sev 
Tea was brought in in 1903 but has locally made hybrids, and a 
never behaved properly. Many new much merit from Hawaii, Britis 
Coffeas and cacao varieties came in duras, British Guiana and Bar 


through the Governmental Stations from some 500 sorts have been tes 
1903 to 1925. Several vanilla varieties many distributed to the 40 ‘‘cent 


have been added, and one is remarkably The famous ‘‘uba,’’ whieh arriy 
productive. 1917 from Argentina, virtually) 


Many European vegetables, especially the industry from the ‘‘mosaie dis 
beans, salads and ‘‘kitechen herbs,’’ were but has recently been superseded 
introduced between 1923 and 1926. The superior Javan hybrids. 
soya-beans came but have not given sat- Comparatively few introdu 
isfaction. Five bonavists (Dolichos have been made since the st 
lablab) were brought from St. Thomas Federal ** Plant Quarantine’’ was 
in 1924 to the apparently efficient ‘‘Ins 

Many tobaccos have recently been Service’’ in 1925, and the present 
tested and distributed; one outstanding look for the entrance of the 200 or 1 
hybrid has been created im loco—the food plants which should be broug 
**ceniza.”’ Boriquen is deplorably depressing 

The most important forage plants of rearward perspective illuminant 


recent introduction are: elephant grass forward nebulous. 


wer- 
lred 0 
vO. 


4 


vestert 





THE EFFECT OF THE MACHINE AGE ON LABOR 


By SUMNER BOYER ELY 


ASSOCIATE PROFESSOR OF POWER ENGINEERING, 


We constantly hear to-day that the 
r-saving machine an 
r, that it has been displacing more 
workmen until unemploy- 

culminated in the present 

leplorable situation. It is said that the 

whine has so speeded up industry that 
verproduction has resulted; and this is 
believed by many to be the major under- 
ying cause for the present world depres- 

It is further asserted that the 

industrial wage-earner in the past con- 

stituted the market ; now, having lost his 
purchasing power, our markets have 
een destroyed; and that if we do not 
stop inventing we must make some radi- 

‘al change in our methods of distributing 

wealth. Otherwise the machine will ul- 


is economic 


more 


t has 


s1on. 


timately destroy civilization. 

These are severe indictments to bring 
against the labor-saving machine; and 
indirectly against science, for the ad- 
vancement of science made possible the 


so-called industrial revolution. It is 
therefore worth while to analyze and in- 

stigate these charges in some detail. 
THe BEGINNINGS OF THE INDUSTRIAL 

REVOLUTION 

It is difficult to say just when the in- 
dustrial revolution had its inception. It 
is true that the ancient world had a few 
for grinding grain that were 
driven by a sort of crude water wheel; 
ind it is also true that the genius of 
Leonardo da Vinci produced some re- 
markable mechanical contrivances. Yet, 
what we understand as the industrial 
age really began with the advent of the 
power-driven machine tool; some hun- 
dred or at most hundred and fifty years 
ago. It is a strange thing that it is only 
yesterday in man’s civilization that such 


stones 


CARNEGIE INSTITUTE OF TECHNOLOGY 


machines have come into. existence 
Why they did not develop sooner 
difficult to did 
possess satisfactory metal or other ma 
terials: but the it 
remained for the later part of the eight 
eenth century to the 
driven machine tools. 


S( it 18 


sav not 


Perhaps we 


whatever cause was 


see iirst 


power 


LABOR DISPLACEMENT AND ADJUSTMENT 
The 


ing is 


old-time shoemaker and his pass 
of 


a good illustration what 
chines have to old 
trades and industries. In the large 
manufacturing plants of to-day there 
not a man who could 
Pieces of 


machines, 


ma- 
done established 
shoe 
is 
¢ 


0 
L 


make a 
shoes. leather are dropped 
into removed and 
placed together and again put into still 
other machines, until finally a finished 
The 
longer exists; he is replaced by a ma- 
chine-tender of little or no skill. There 
has been what the engineer technically 
knows as a ‘‘transference of skill.’’ The 
skill possessed by the old shoemaker has 
transferred 
the man’s skill is no longer required. 
But in addition to this transference of 
skill, the been ¢ 
mously increased and a few 


pair 


various 


shoe is produced shoemaker no 


been into the machine and 


has nor 


ed 


as a 


production 
unskill 
men can now produce as much 
The 
sult of the machine has been twofold, to 
degrade labor and to require less labor 
for the same production. 

In the early days of the textile indus- 
try in England, when automatic machin 
ery introduced Ark- 
wright and others, the skilled workman 
found himself displaced by women and 
children and the cheapest kinds of labor. 
The scramble for work, the abuse, mis- 


whole community originally. re 


was by Jenney, 


ai 
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ery and terrible suffering that resulted 
are well known and form a blot on the 
page of civilization. If a man has spent 
many years in learning a trade and be- 
come highly expert in doing certain 
things it is not easy for him to discard 
all this and start anew to acquire an- 
other trade. No wonder the skilled man 
feels bitterly against the machine that 
has put a boy in his place. Further- 
more, his pride will often prevent him 
doing what he considers inferior work, 
and at best it is difficult for him to ad- 
just himself to the new conditions. In 
fact many men never do adjust them- 
selves and it often takes a new genera- 
tion of workmen before labor can ac- 
commodate itself to the new order. 

This applies not only to highly skilled 
labor, but is true to a greater or less ex- 
tent of all labor, skilled or unskilled. 
A few years ago, a large steel plant near 
Pittsburgh, while making certain ma- 
chinery changes, needed a gang of la- 
borers for a few weeks to pile pig iron. 
Arrangements were made with a labor 
agency in Pittsburgh and a ecar-load of 
men was sent to the plant. Most of 
these proved to be Italians who were ac- 
eustomed to using a pick and shovel. 
As soon as they saw what was wanted 
and that they were not to use pick and 
shovel, most of them refused to work and 
returned to Pittsburgh. The wages of- 
fered were particularly attractive, as the 
company needed the men badly, and it 
would seem as if digging with pick and 
shovel was about as hard physical work 
as piling pig iron. There seems to be an 
inertia in labor so that the workman 
does not easily and freely change from 
one kind of work to another. 

Labor adjustments due to the intro- 
duction of machines are taking place 
about us continually. The reason we do 
not see or hear much of them is because 
the industrial field, since the time of 
Jenney and Arkwright, has grown to 
such immense proportions. An ordi- 


nary improvement in machiner 
a common every-day happening 
less it is of a very spectacular 
attracts no public attention and 
tirely unnoticed. And yet tl 
are always the same, and some 
are likely to be displaced ai 
into other occupations. The \ 
‘*labor-saving machinery”’ indi 
some particular kind of lab 
longer needed. 


MACHINE PropUCTION OF WEAL1 
Its Errect ON Lapor 

But what about the machine’ 
on the general community and 
rect effect on the particular 
men it has displaced? Before 185 
was a world of deficits, according t 
of the officials of the United States Si 
Corporation who has compiled s 
ures on this subject. About all 
could then do was to produce e1 
to support himself and one other 
day man’s productive power has s 
creased, through the use of machi: 
that he can support himself and 
others. 
pluses. During our Civil War th 
chine reaper was invented and first 
into use. It solved the food pr 
for the armies at the time and has 1 
the United States a great exporter 
wheat. 

Machines have produced goods 
such abundance and so cheaply that 
classes, including the machine labor 
himself, have shared in the general pros 
perity. Never before in the history 
the world have wealth and comfort b 
so wide-spread and enjoyed by so man: 
different classes of men. 

Due to the great growth of industr 
which has come about through mec! 
zation, an enormous field has | 
opened to the workman. Where onl 
few skilled men could be employed 


fore, now great numbers of unskilled 


and semi-skilled workmen are in indus 
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this opportunity and creation 
has raised the whole laboring 
hile a few may have suffered 
to the whole has been tre- 
rer of to-day lives better than 
yesterday. Properly heated 
tilated living quarters, sanitary 
vood food, sewing machines, 
s, electric light are within the 
nearly every one, to say noth 
automobiles, books, movies, ete. 
me two hundred years ago, in- 
flooding a room with light by 
ng an electric switch, a smoky torch 
t a spluttering wick was all that 
ssible. 

st of living is an indefinite mat- 
d depends on the standard of liv- 
ry, so that long 
riods of years are not satisfactory. It 
interest, however, to see that the 
United States Department of Labor’s in- 
x number of the cost of living in the 
ited States doubled from 1914 to 
1930, while during the same period the 
wes in the textile, shoe, lumber and 
ther highly mechanized industries in- 
reased some 300 per cent. on the aver- 
ve. The wages of all industries taken 
sa whole do not show as great an in- 
rease as the mechanized industries but, 
taking into account the cost of living, 
will average somewhere around 35 per 
ent. gain for the period 1914 to 1930. 
The National Industrial Conference 
Board surveys show that the volume of 
products produced in 1914 would have 
required but seventy per cent. of the 
number of workmen had the same volume 
been produced during 1926. Further- 
more, the wages would have shown an 
ncrease of from 50 per cent. to 100 per 
ent. and in addition the working day 
would have been shorter. Such figures 
indicate that even over a comparatively 
short period of years there has been an 
nerease in the intrinsic wealth and com- 

fort of the industrial worker. 


comparisons over 


EFFECTS OF THE 


MACHINE AGE 
Tue IMPROVED CoONDIT! 
Along 


has come 


with 


4] 
the 


times 
lute property, 
be whipped, kill 
master saw fit. 
there 


ment in His @ 


may ha 


serf, and even down to 


the industrial revolut 
were very bad. 
veloped so did tl 
not always remember 
labor 
machine instead of 

has freed him. The 

relieved him of that 

exertion that a civilization built on slave 
labor required. The thousands of strain- 
ing men are no longer necessary to erect 


has 


advance 


a pyramid or a Roman aqueduct. It is 
often said of the machine that the repeti- 
tion of the same operation day in and 
day out makes a workman lose all initia 


that he be 


and 
Yet it is hard 
to see why it is more deadening to oper 


tive and responsibility, 
comes a mere automaton. 


ate a steam shovel than it is to dig wit! 
a hand shovel, or to control a steam 
hammer than to swing a sledge. A cer 
tain job in one of our eastern machine 
tool shops required a laborer to simply 
tighten bolts. Even the 
placed on the bolts and all required of 
him was to draw them up with a wrench. 
This particular workman had 
work, adequate pay, short hours and a 
comfortable shop in which to work. If 
you talked with him you would find that 
he was not only contented but took a 
certain sort of pride in how efficient he 
had become. A man of imagination 
could not endure such work; but there 
are many men who prefer something of 
this kind where there is no tax on their 
mentality. Perhaps some day we will 
be able, by psychological or other test, 


nuts had been 


steady 
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to sort men and learn for what particu- 
lar type of work they are fitted. 


THE OVER-PRODUCTION MytTHu 

There is a popular explanation of this 
present depression which is always ad- 
vanced during any industrial upset. It 
is supposed to be conveyed in the high 
sounding term ‘‘over-production.’’ The 
older economists used to distinguish be- 
tween the two supposedly antagonistic 
theories of over-production and under- 
consumption. We do not hear much of 
under-consumption to-day. Like that 
monstrosity, the old economic man, it 
seems to be dead. Over-production and 
under-consumption are a mere jangle of 
words and mean the same thing. 

With the advancing machine age and 
its ever greater production, there seems 
to be an underlying vague notion that 
the amount of necessaries, comforts and 
luxuries which a community can con- 
sume is a definite and fixed amount, and 
that if this be exceeded men will not 
know how to use the surplus. This is 
an absurdity. Are there any men who 
eould not easily spend double or triple 
their incomes? We can own two auto- 
mobiles as easily as one, we can get a 
new one every year or every six months. 
Why cannot a man own ten pairs of 
shoes as well as one? With houses, 
clothes, costly foods and what not, any 
civilized community could double or 
quadruple its consumption of wealth. 
What is prosperity but a great increase 
of luxury, when all the non-essentials 
such as soda fountains, candy shops and 
the rest are flourishing? 

The fact that during this depression 
we have too many houses, too much idle 
capital, storehouses full and men willing 
and anxious to work means that our eco- 
nomic system is at fault, not that we 
have produced more than we can con- 
sume. If production in one line is car- 
ried on until there is an accumulation of 
vast stocks of unsalable goods we have 





partial over-production. It may 
this particular industry then thi 
to curtail and men are thrown 
employment, which may disturb { 
cate balance of economic relat 
may cause serious trouble; it 
If it comes at a time when ce 
are ripe for a depression it m 
haps precipitate it by giving th 
push. How can anyone say, 
finitely complex economic system 
that any one factor has caused 
pression? In the last analysis 
pression is psychological and dey 
the disposition of people to buy 
but the causes which influence 
position may be legion. 

No one doubts that there is 
thing as partial over-product 
this is not the machine’s fault, it 
to the bad judgment of the m 
owner and might occur in a non-1 
civilization. To condemn the 
because it produces too much w 
akin to scrapping all steamships | 
there has been an occasional a 
Partial over-production there 1 
but a general over-production of 
is an impossibility. 


Some STArTIsTICs 

Is technological unemployment 
ing men out of work faster tha: 
ean be absorbed in other or nev 
tries? Is the machine destroying 1 aenennedl 
man and foreing him into a pern The in 
bread line? mployme 

An examination of the census report me fear 
shows that in 1890 the total number In the sho 
people in continental United States n 1900 1] 
fully employed was 36.1 per cent nloved: b 
the population. By 1930 this 1 9 Dur 
had risen to 39.8 per cent. T y was } 
eludes everybody in all lines: ag: f empl 
ture, industry, business, profess Again. it 
public and domestic service, ete. hiv m 

We find that during the ten years 162.990 1 
from 1920 to 1930, sixteen men left ag the num! 
culture, four left industry and one ! 


THE 


tal loss of twenty-one men per 
sand of population. Against this, 
nsportation gained seven men, public 
gained domestic 
n, professional service seven and mis- 
is three—a total gain of twenty- 
en. The balance gives a net gain 
ur per thousand of population. 
tever interpretation we may choose 
it on such figures, they at least 
) indicate that employment is in- 
sing faster than population. 
nfining our figures now to manu- 
res only, leaving out agriculture, 
¢, transportation, public service, 
etc., we find from the census 
rt that forty-two persons per thou- 
f the population were employed 
nufacture in 1850. By 1900 this 
number had become sixty-three and by 
1995 1t was seventy-three per thousand 


one, service 


4 


ns ries 


ulation. These figures are perhaps 
t as definite as we would like, but they 
ite, as we would expect, that the 
States more and 

re of a manufacturing nation; and 
it the increase of the number of jobs 
pursuits 


has become 


manufacturing has been 
rreater than the increase in the popula- 
If figured out it will be found 

it the population increased about five 

1850 to 1925, whereas the 
mbe wage earners, which 
ighly be taken as the number of jobs, 
increased some eight and one half times. 
The influence of mechanization on 

mployment is indicated in the follow- 
ing figures obtained from the census. 
In the shoe industry of the United States 
n 1900 there were 153.600 persons em- 
loved; by 1925 the number was 206,- 
2. During these years when the indus- 
y was highly mechanized the number 
did not 
gain, in the printing industry, also 

ighly mechanized, in 1900 there were 
162,990 persons employed, and in 1925 
number was 251,272. It will be 


from 
can 


‘ 
umber of 


ye 


employees become less. 
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found with most 

mechanization takes pl: 
crease in the 
along with it. 
counted for by the growth of the indus 
try to meet the demand « 
cheaper prices that the manufacturer 
Then, too, a cer 
tain amount of labor is al 


mechanized. In 


number 

These figures may be 
‘vaused by the 
has been able to ask 
ways required, 
even when some Cases 
machines have been introduced with 
little or no displacement ‘ 

effect of the machine 

creased production pe 


WHAT THI 
Consider for a momen 
rod or bar mill 
plants. About 
to manipulate the levers that operate 
the tables and guide the hot el billet 
into the rolls, 
little attention when the product comes 
out of the mill to see that it goes to the 
proper destination for 


FutureE May Brine 
in one of our large 
all the labor required is 


with pr ssibly a 


proper 


shipment, storage, 
ete. In other words the labor is almost 
nothing and at an irreducible 
Mechanization has already reduced the 
labor so that no more can be saved. In 
many of our industries we have already 
reached this point or are fast approach- 
ing it. 
our industries, it is only a question of 
time until we reach a limit. 

What is true of labor is true of power 
One heat unit produce foot 
pounds of work, when completely uti 
lized, and no more. 
are utilizing 80 per cent. or 85 per cent. 
of the heat supplied to them; which 
per cent. or 20 


minimum. 


If we keep on mechanizing all 


ean 778 


Our boilers to day 


means there is only 15 
per cent. further improvement possibl 
Our prime movers also have about the 
same possibility of advance before reach 
ing the efficiency of the ideal cycle. 
Then the law of diminishing returns 
will retard our advance as we approach 
the limit. A few when we 


years ago 
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were on the top wave of prosperity we 
heard that there was no restriction on 
production, that it was possible to speed 
up the rate higher and 
higher. The law of diminishing returns 
either classed with the 
fallacies of the past or else ignored en- 
tirely. Now that we have gotten over 
the optimism of the and 
look sanely at the production of wealth, 
we realize that this law must check us 
economically as it always has. Every 
engineer how it more 
and more difficult to increase efficiency, 


of inerease 


was economic 


boom years 


knows becomes 


how each saving is a little harder to 
make than the one before. 
Science will progress in the future 


probably faster than in the past, but so 
far as labor is concerned science is pow- 
erless to reduce what is already reduced. 
And here is the erux of this whole situa- 
tion. When we have once become thor- 
oughly mechanized labor can no longer 
be affected by the machine and must ad- 
just itself as it did before the age of 
technological unemployment. From this 
point of view we have made a mountain 
out of a mole-hill and become unneces- 
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sarily disturbed about so 
will adjust itself as time goes S( 


Of course we can never d 
labor as has already been said P 
will always be an irreducibl: 
No matter how automatic a ma I 


be, somebody must start and st 
that the right 
oil and adjust it, and a certair 
of attention will always be r 

is quite reasonable to suppose 


materials are 





ence may make discoveries 
our knowledge in 
dreamt of to-day, 


ways tl 
which ¥ 


about the development of a vast 
of new machines. Great num! 
machines will be needed to 01 
demand as the population grow: and fall 
with the increased numbers of 1 panions 
in old fields and large numbers te m 
chines in new fields, labor w 4 psy 
vided with great opportunities Accord) 
ployment. hild v 
This is only another way of saying tinues 1 
that if the census figures are slow-gr 
lieved the number of wage ear pop iat 
increase faster than the poy ment i 
probably for many years to com: continu 
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INDIVIDUAL DIFFERENCES IN MENTAL 
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Most people believe that the preco- 
is child is likely to come to some bad 
end. If he does not have a complete 


Ae 


ntal breakdown he at least reaches the 


end of his development in early youth 
1d falls behind his slower-moving com- 

ms before they have arrived at com- 
lete maturity. The prevailing opinion 

psychologists is just the opposite. 
Aceording to most the 
‘hild who develops rapidly also con- 
tinues to develop longer than does the 
slow-growing child. According to the 
popular view, the slowness in develop- 
ment is compensated for by a longer 
continuance of growth. According to 
the prevailing scientific view, however, 
the precocious child has a double advan- 
and the slower-growing child a 
double disadvantage. It is very impor- 
tant that we should know which of these 
views is correct. 

It is the business of science to inves- 
tigate such a difference of opinion as this 
and to determine which is in 
dance with the facts. Since the advent 
of mental testing, psychologists have 
studied their results with a view to find- 
ing the answer to this and other ques- 
tions regarding the mental growth of the 
individual. 

Our prediction of the ultimate level of 
the child’s mental ability and the kind 
of education that we prescribe for the 
child will be governed by our opinion 
on the question. If we think, for ex- 
ample, that the child who is developing 
more slowly in the earlier 


psychologists, 


tage, 


accor- 


years is 
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. . . 
ll farther 


destined to fa 
hind 


and to stop developing :¢ 


his more pre 


earlier age, we will advise him to take a 


course which does not demand the san 

ability and does not extend over so long 
a period as if we believed that this child 
might at least keep pace with, if not 


partly catch up with, his more rapid 
companion. 

Practically all the this 
point, which has been available up to the 


evidence on 


present, has been based upon mass scores 


from groups of children of different 
ages. Very few studies have traced the 


development of the same children from 
childhood to maturity in order to see 
what actually becomes of the children 
at different levels of ability. 
difficulties arise in the interpretation of 
the scores from different groups of chil- 


Certain 


dren at the successive ages which can 
not be gone into in this brief talk. It is 
evident, however, that we get a more re 
liable indication from 
course of development of individual chil- 
dren. This method of study has recently 
been applied to several hundred children 
in the elementary and high school of the 
University of Chicago. 

After a period of ten years, a 
cient number of continuous records have 
been obtained to enable us to throw new 
light upon some of the problems. of in- 
dividual growth. On the particular 
problem which I have mentioned, a study 
of the growth of individual children does 
not confirm the conclusion from the 


following the 


sulh- 
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earlier studies of mental tests that the 
slower children reach the end of their 
mental growth earlier than do the faster 
children. We are not able to report on 
mental defectives or even on children of 
low normal intelligence, but we can 
compare the growth of those who are 
somewhat below the average with the 
growth of bright children. We are able 
to show, for example, that some children, 
who get a slow start and are near the 
bottom of the entire group of pupils in 
the earlier years of the elementary 
school, continue to advance steadily well 
into the college period. In other words, 
there are some individuals who make a 
rather low standing during childhood 
because they get a slow start, but who 
rise to a higher level in later adolescence 
because they continue at a steadier pace 
than some of those who get an early 
start. 

If this were true only of a few isolated 
examples it would not be of great educa- 
tional importance, since our educational 
policies must be based upon the majority 
rather than upon a few exceptions. In 
order to find out whether such a case is 
only an infrequent exception or whether 
it represents the rule, a grouping was 
made of about 100 children for whom 
we had continuous records from eleven 
to sixteen years of age. We also had 
records on most of these children at ten 
years and at seventeen years. This en- 
tire group was divided into three groups 
based upon their scores on the test dur- 
ing the middle years. The average curve 
for each group was then drawn. These 
average curves indicate that there is a 
real difference in the mode of develop- 
ment of the bright and the slower pupils. 
They also show that the popular opinion 
concerning the growth of bright and 
duller children is more nearly right than 
is the opinion of most psychologists. 

The children in the bright group begin 
to advance at an accelerated rate at 
about ten years of age. Their curve then 
advances more steeply for two or three 


years than do the curves of the 
groups. The curve of these brig 
dren, however, begins to slow 
sooner than do those of the others 
of the groups reach their com; 
velopment by seventeen years of 
that it is impossible to say how 
they will be when their growth 
its final level. By seventeen 
age, however, the upper curve is s 
up, whereas the lower group of ¢! 
are continuing to advance at 
diminished rate. This makes 
certain that the pupils in th 
group will partly catch up wit 
who took the highest rank duri: 
childhood period. 

It would be a mistake to infer 
these facts that we are unable to pr 
at all what the child’s later ment 
tainment will be on the basis of 
telligence or his educational achiev: 
in the elementary school or in the 
part of the high school. Such pred 
is possible, provided we allow a 
erable margin of error and also pr 
we do not discount the possible fut 
development of the pupils who n 
moderate record in the early years. 0 
findings show that these pupils w! 
at the middle or even below the n 
of their class will continue to ady 
as long, if not longer, than wi 
brighter pupils of the class. Son 
those who make a relatively poor s 
ing in the earlier years will indeed ¢ 
so much on their faster comrades 
they will make a decidedly better s! 
ing in high school or in college thar 
might have expected them to make 
the average, of course, pupils in 
lower half in the elementary schoo! ' 


remain below in the high school, and f« 
if any of those in the lower quarter ar 


likely to go much beyond the 
school; but some pupils in the lower | 


of their elementary school classes ma} 


in the end outstrip other pupils who « 
shine them considerably during 
childhood period. 
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ur prediction of pupils’ later edu- 


nal attainments and in our advice 
em concerning their educational 
es. we must make allowances for 
s fact and we must also give weight to 
factors of character and purpose. 
We have been too inclined to think that 
, odds are all in favor of the bright 
| precocious child. We must 
enize that our prediction is not quite 
so certain as we thought it was and that 
slower child may have possibilities 
ttainment that we have been inclined 
deny him in the past. 
We could, perhaps, make a more ac- 
urate prediction of the course of men- 
| development of children and of the 
degree of ability they are likely to attain, 
we knew more than we do about the 
nditions which govern such develop- 
ment ultimate attainment. We, 
know enough to be able to say that devel- 
pment is governed partly by inner, 
forces and partly by outer forces, but 
we have not been able to measure these 
inner and outer forces or to say just 
what proportion they bear to each other. 
Some psychologists have thought that 
mental development is closely bound up 
with physical development, so that, for 
example, if a child’s body matures early 
his mind will also mature early, and vice 
If this is true, we ought to be 
able to use various physical indices, such 
as growth of teeth, growth of the wrist 
bones, and signs indicating the onset of 
puberty, as indicating the proportion of 
his mental development which an indi- 
vidual child has attained at a particular 
One check on this theory is to com- 
pare boys and girls. It is a well-known 
fact that girls reach physical maturity 
about two years earlier than do boys. If 
mental growth follows physical growth 
girls should attain their full mental 
stature two years before boys. Some 
psychologists have believed that this is 
the case. Our findings, however, do not 
show that girls reach intellectual matur- 
ity any earlier than do boys. 
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We must distinguish between ability 
and certain other mental characteristics 
There is that the girl 


her attitudes 


no question 
matures more quickly in 
toward people and in her ability to man 
age herself in social situations; but this 
is not the type of mental development I 
am talking about. I refer rather to what 
we call intellectual development, or 
development ol ab lity to learn al d 
think, the ability which is required for 
success in school and college. In this 
boys and girls seem to advance at the 
same pace and to continue for the same 
length of time. If we compare different 
boys with each other, 
with the 


Those who mature early in body do not 


or different girls 
each other, same thing holds 


mind than do 


The difference 


mature much sooner in 
those who mature late. 
is so slight that it is hardly noticeable 
in comparison with the large differences 
which are due to other causes. 

As yet we know very little about what 
these other causes are. One school of 
psychologists thinks that they are chiefly 
or almost entirely internal, that is, that 
they are a part of the person’s inborn 
or inherited nature. According to this 
belief, a person’s future mental growth 
is all laid out for him even before he is 
born and nothing which happens to him, 
his education or training, his home care, 
his friendships or eultural oppor- 
tunities will affect the course that it will 


his 


take. 

This is an extreme view, and we have 
good scientific evidence that it is one 
sided. We 
from a study of duplicate or identical 


have found, for example, 
twins who have been reared apart, that 
they differ from each other in ability 
about twice as much as do identical twins 
We must con- 


mental 


who are reared together. 
clude, then, that the 
growth will be influenced for good or 
ill by the kind of education the person 
receives. We can not predict perfectly 
what mental stature a person will finally 


course of 
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reach or when he will reach it, partly 
because his growth will be influenced by 
his training. 

These facts are encouraging to the 
children and to the parents and teachers 
of children who are not brilliant in their 
early years. They do not, by any means, 


indicate that we can make geni 
of numbskulls, but they do indi 
it is worth while investing edu 
efforts in pupils who do not se 
cially promising, since they n 
out better than their early att 
would lead us to expect. 


THE EFFECT OF WORRY ON DIGESTION 


By Dr. A. C. IVY 
PROFESSOR OF PHYSIOLOGY, NORTHWESTERN UNIVERSITY MEDICAL SCHOOL 


One hundred years ago, Dr. Beau- 
mont, an army surgeon located in 
northern Michigan, had as a patient a 
trapper whose name was Alexis St. Mar- 
tin. The trapper had been shot in the 
upper abdomen, a hole being made in 
the stomach. When the wound healed, 
the opening in the stomach remained 
open, so that Dr. Beaumont could look 
into the stomach and see its lining. Dr. 
3eaumont found that in the presence of 
fear, anger and whatever disturbs the 
nervous system, the lining of the stom- 
ach loses its healthy appearance and the 
secretions are greatly decreased or stop 
flowing. Dr. Beaumont also found that 
when his patient, Alexis St. Martin, had 
a quarrel, the movements of the stomach 
were not normal. 

These stories have been duplicated 
many times in the experience of physi- 
cians. Indeed, I am sure that many of 
you have felt a lump in the throat or 
beneath the breast bone, when you were 
grieved over the loss of a friend. This 
feeling of a lump was due to a spasm of 
the muscle of the gullet, or esophagus. 
Or, it may be that when you have been 
angry or especially worried about some- 
thing, you felt a lump or pain in the 
region of the stomach; or it may be that 
your colon has become more sensitive or 
irritable than normal. In some people 
who are particularly sensitive, even the 
worry or anxiety associated with a busi- 


ness engagement, the making 
in public, the fear that a dinner 
will not be a success, is suffi 
cause digestive disturbances. | 
that you would like to know why 
disturbances occur and wheth 
thing can be done about them. 

It is the function of the physi 
to find out the why and how of su 
turbances in the human body a: 
suggest what should be done to 
them. This, of course, is not 
easily and quickly accomplished, be 
of the complexity of the living 
As a young man, I remember that | 
ited a great manufacturing plant 
was awed and mystified by what | 
being done. Yet when we realize 
wonderful processes occur in our 
tive canal, industrial processes are 
less awe-inspiring. All kinds of 
enter the digestive canal and are 
jected to chemical and physical | 
esses. Digestive juices are secret 
which act on the foods in a special wa 
rendering them capable of being 
sorbed and of carrying on the process 
of life. In a modern industrial p 
each department has a special funct 
to perform. In the digestive system, t 
stomach, pancreas, liver, small and la 
intestine have certain functions 
must perform. The food is held in 
part, the stomach, for example, unt! 
work is completed and is then passed 
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e next part. If these parts do not 
rm their functions properly, symp- 
ms such aS nausea, vomiting, pain, 


result. If one part does not work 


perly, the other parts are affected. 
All parts of the digestive canal or 
» are made up of muscle fibers and 
ds. The digestive 
es, or chemical which 
yuefy and decompose the food. The 
musele fibers churn the food with the 
ligestive and the food 
ng. The muscle fibers and glands are 
with the 


nnected 
The nerves conduct 


glands secrete 


reagents, 


juices move 
nerves. 
the 
In some in- 


brain by 
messages to 
musele fibers and glands. 
stances the nerve impulses cause the 
musele fibers to contract, in others to 
relax, or they cause the glands to secrete 
juice, or they may stop them from 
secreting juice. Obviously, then, the 
type of activity going on in the brain 
may have an influence on the movements 
f the stomach and intestine and the 
formation of digestive juices. 

In susceptible individuals, } 
minor degree of worry or anger may 
prevent a flow of gastric juice. I shall 
give two examples. When a hungry 
dog smells or tastes meat, gastric juice 
is formed. This is called a psychic 
secretion. The smelling and tasting of 
the food excites certain parts of the 
brain, and nerve messages pass to the 
stomach and cause it to secrete. If the 
dog does not like cats, and if we show 
him a eat, a psychic secretion of gastric 
juice will not occur. If we start a psy- 
chie secretion by permitting the dog to 
taste meat, and then show him a cat, the 
secretion will stop. If we teach the dog 
to like the cat, then we may show the 
cat to the dog without stopping the psy- 
chie secretion. It is difficult, however, 
to teach some dogs to become accustomed 
to cats. Similarly, it is difficult for 
some men and women to learn how not 
to worry. As the second example, I 
have in mind a young man who as a boy 


only a 
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accidentally swall 
gullet or esop! 

that it 
boy alive, the 


el Se( 


ing into his st 
could be placed 
a young 

and said 

an experi 
deseribed abo 
smelled 
formed 


and 
was 
demonstrate 

tors. But he 

and the dem 

He later became 

public appearance 

tion worked ever: 

you to learn that 

tized and then is told 

him on the table is a beefsteak 
the motions of 


he goes through 


the steak, the stomach of the hypnot 


subject ‘‘waters’’ gastric juice jus 
the mouth 
actually see a good beefsteak. 

The 
likewise influenced by the activity 
the brain. 
part of the stomach to contract so forci- 


bly that severe pain results, as in the 
; ] 


‘‘waters’’ saliva when 


movements of the stomach 


Strong emotion may cause a 


ease of the young lady I told you about 
But worry generally retards the move 
ments of the stomach and the food may 
lie in the stomach for a longer time thar 
normal. For example, when one studies 
the movements of the stomach in cats 
and dogs, the animals must be handled 
very gently in order to observe normal 
movements and emptying of the stom- 
ach. Several years ago I observed that 
when medical students are given a writ 
ten examination in the 
emptying of their stomach is prolonged 
an hour or more. In this connection, I 
should point out that the stomach has a 
front and a back door, so to speak. The 
foods enter through the front door, and 
after being partially liquefied, the move- 


physiology, 
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ments of the stomach force them out 
through the back door. Now, if the 
movements of the stomach are not strong 
and if the back door is closed more 
tightly than normal, the food will re- 
main in the stomach longer than normal. 
Also when one is anxious and worried, 
one is generally not careful how thor- 
oughly the food is chewed, and large 
lumps of fruit, vegetables and meat are 
swallowed. Now, when one is worried, 
the back door of the stomach may be 
closed tightly and these lumps of food, 
being difficult to liquefy, may remain 
in the stomach many hours. 

From what you have been told, it is 
apparent that if the food is appetizing, 
if the surroundings are pleasant and the 
frame of mind so that the food can be 
enjoyed, the digestive organs are pre- 
pared or girded for action and function 
perfectly. So there is much truth in the 
statement, ‘‘Laugh and grow fat; worry 
and grow thin.’’ 

Emotion, anxiety and worry not only 
affect the movements of the stomach but 
also movements of the colon. Certain 
movements of the colon may be stopped 
and others increased by worry. Worry 
and nervous tension generally cause the 
colon to become more irritable and spas- 
tic and produce colitis. You all know 
that the last part of the colon is under 
the control of the brain to a very large 
extent, and good and bad habits may be 
formed in regard to its emptying. 

Another interesting and important 
fact is that hunger is caused by vigorous 
contractions of the stomach. If one 
fasts for twelve or twenty-four hours, 
pains are felt in the region of the stom- 
ach which are caused by the vigorous 
contractions of the stomach. If one is 
anxious and worried, these contractions 
may not occur, and appetite is fre- 
quently absent. Hunger and appetite 
increase the rate of digestion and the 
emptying of the stomach. Some so- 


‘ 


called ‘‘nervous’’ children do not 
because they are worried and have 
unduly excited by nagging parent 
by some story they have heard or ; 
picture they have seen. 

It would be wrong for me to give : 
the impression that anxiety or worr 
the cause of all digestive troubles, 
cause it is not. The facts that | 
pointed out do show that peace of n 
and comfort are very important for 
mal digestion. These facts also s 
that mental discord and worry dist 
normal digestion and may serve 
background for the development of 
tain diseases of digestion. In this 
nection it is a fact that deaths 
gastric ulcer have increased 25 per « 
among white men since the start 
depression in 1929. And it is cert 
that altered physiology of the stoma 
very likely concerned in the caus 
gastric ulcer. Every physician r 
mends as a part of the treatment o! 
tric ulcer and of colitis, diet, rest 
freedom from worry, or a vacatio! 

What is the solution of the probl 
have outlined? It would be easy for 
to say that the solution is to stop w 
ing and to avoid things that ¢ 
worry, strife and care. But this is 
possible for a busy man or woman 
responsibilities on his or her should 


sut I think there is a way out for e\ 


the busy man and woman. First, 
must teach ourselves to forget our 

ries and responsibilities for brief per! 
at least. Every one knows that a s 


of responsibility is acquired and m 
become a habit. I think it is an exe 


lent habit, unless carried so far that 


permit it to interfere with our healt 


and the happiness of others. It is g 


to take oneself seriously, but not so se! 
ously that it interferes with one’s hea! 


and sense of humor. Now just as 
learn or train ourselves to shoulder 
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nsibilities, we can train ourselves to 
Some people say they can 
That means only that their 
is very bad and that it 


t them. 

t do this. 
rry habit’’ 
ing to require much effort to con- 
wer it. But it Second, 
must learn how to relax our body 


ean be done. 


iscles at will. The learning to forget 
ry for a brief period and to relax 
body muscles are processes which 


ire closely associated. When one is wor- 


ried, the body muscles become tense and 


1y remain tense even when sitting or 
The ability to relax and 
est for brief periods under any circum- 


r down. 


tances may be acquired and learned. 
Fresh air, exercise and non-competitive 
and to relax. 
When we sit down to eat and even for 
brief period before and after eating, 
we should fotget our worries and relax 
ir muscles. While eating, 
ink of pleasant things, enjoy the food 
and chew it thoroughly. And third, 


lay assist one to forget 


we should 
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worry, 

strain, or at 
to forget 
postpone the 


ana 
} 


iCSst 


appetit 


lhieht 


has passed, 
has been restored and 
turned, 
that 


from the stomach 


or we 

are e@aslly 

such as soups 

puréed or masl cooked veg 

ete., or what physicians call a soft 

In this connection we must bear in mil 

the fact that raw milk is ch: 

solid in the stomach 

for some peop 

toast or cereal. 
Let us 

should be a ser 

We should no 


tention, neither should 


reme 


wilful neglect and abuse 
dry morsel and quietness 


a house full of feasting with 


GOLD 


By SCOTT TURNER 


DIRECTOR, UNITED STATES BUREAU OF MINES 


PROBABLY the word gold is used more 
frequently in the language of metaphor 
in direct reference to the metal 

It will be found employed thus 


than 
itself. 
many times in almost any book, and it 
recurs constantly in our daily speech. 
We refer to a golden age, a golden hour, 
a golden memory, the golden rule, and 
that is golden. A _ golden 
fleece inspired the Argonauts to adven- 
ture; a golden edict granted rights to 
an oppressed people. There is a golden 
mean of conduct; the word of an honest 
man is as good as gold. There are 
golden voices, opportunities and opin- 


to silence 


10ns. 

Things are said to be as pure as gold; 
a voice resembles liquid gold; worthy 
people have hearts of gold. Many uses 


of the word refer to its color 
lic luster, as golden sunset, go 
golden grain. Thus the 


ployed to suggest not 


word 
only a 
yellow metal, but purity, value, 
merit, perfection, beauty 
lar qualities that 
which 
Yet gold is a metal, 
copper, lead, zine, aluminum and tin are 
metals. It resembles all of them in 
] 


general way, some of them cl 


and other simi 
indicate the high 
element ha 


this 


esteem in 
been held. 


, 
oseiy ; even 
its color can nearly be matched by brass 
a mixture of copper and 
bronze, a compound of copper and tin 


sine, or by 

Why, then, is gold so valuable and so 
important? Certainly not because it is 
yellow, heavy, ductile 
The explanation is that this 


malleable, and 


lustrous. 
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one metal is endowed with a particular 
combination of properties that made 
possible its ancient discovery, and led to 
its early utilization, to wide-spread long- 
ing for its possession, and finally to its 


use as a measure of worth and as a 
means of storing value for the future. 

The human desire that results in gold 
being so highly prized is as old as his- 
tory. It has persisted through thou- 
sands of years. During perhaps a hun- 
dred centuries, while nations rose and 
fell, as conflicting philosophies, religions 
and the languages in which they were 
expressed, waxed and waned, mankind 
agreed in this at least—every one wanted 
gold. This desire was paralleled in in- 
tensity and persistence only by the crav- 
ing for food and other necessities of life, 
for which gold could be exchanged at 
will. 

Throughout the ages, can man have 
been mistaken in his esteem of gold? 
Was he infatuated and beguiled by its 
yellow glitter, though not by the gleam 
of brass and bronze? Assuredly not. 
Though he was not aware of the numer- 
ous factors that jointly created gold’s 
value, he was competent to judge 
whether a little gold would serve him as 
well, or better, for certain purposes, than 
many times its weight of brass or bronze, 
and he decided that it would. 

One reason for his choice was his ob- 
servation that, with gold, he could buy 
not only brass or bronze, but any other 
commodity, whenever he chose to do so, 
and that he need not hurry to trade it 
away, as he did when he invested in per- 
ishable commodities or those that cost 
something to store and keep; gold gave 
command of time. Man knew that until 
he decided what should be bought with 
this gold, he could secrete it or transport 
it more easily than other commodities of 
equal worth. In his purse, he could 
carry enough to pay for all the grain 
many beasts of burden could carry. 
Gold was so indestructible that, if 
buried, it would not rust; even if melted 


by fire, it would still remain 
bright metal. 
to a distant land where people s; 

alien tongue, they would nevert 
understand the worth of the g¢g 

offered them in trade. 

Gold was more stable in value 
other commodities; all others \y 
more widely and more rapidly in 
Oversupply of many of them, due t 
sonal production, was followed by 
tion and dearth, because they were 
ually consumed. The effect on p 
illustrated by the low cost of grain 
harvest and the high price befor: 
by the charge for fish after and | 
an unusual catch. Gold, however 
neither consumed nor supplied in 
excess. Withdrawals and retur 


If its possessor tr 


gold, from and to circulation, tend: 
balance in the long run; if its valu 


gan to decrease because of oversu 


S 


export of gold to other places, whe: 


would buy more, tended to occur becau 


it was so easily transported. 
Hence, its price was fixed less by 
than by wide demand, and it was, t 


fore, more stable in relation to the 1 
general. The sup: 
steadiness in the value of gold was n: 


of prices in 


rally prized by the prudent, who 
saving for the future and for old 


Just as insurance funds are invested 1 


provide security above all else, so 


of the past who wanted a store 
future use sought gold in preferen 
other commodities as the means to t 


end. 


For these and similar reasons, it 


not illogical that man used gold 
before there was money. 


beaten into the desired form, an 
softness helped to save it for spec 
purposes, since it was not hard enoug 
to be generally useful and was there! 
As its estee! 
for personal decoration grew, it nat 
rally went from the weaker to 
stronger, from the tribesman to 
chief, and so it was hoarded and saved 


reserved for ornaments. 


It was eas 


} 
A 
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circum- 
its disec V- 


the 
s applied to silver after 

ich was later than that of gold; 
metals had been employed in barter 


precisely same 


ide, as preferred mediums of ex- 
l the first 
and ages before our present mone- 


ng before coin was 
systems began to evolve from the 
d and money. At an 
however, much larger stocks 


0 silver 
ver than of gold must have accumu- 
cause the price of the former 
rs to have been only a fifth of the 


gold when mining of silver was 
by the Athenians. 
» monetary systems of the present 
marvelous social utility, but they 
iid not be deemed more remarkable 
in the automatic 
ange in earlier times through the use 
of gold and silver, from which financial 
turn, The 
basing of commodity-exchange 
upon metal was induced by prehistoric 


evolution of ex- 


thods were, in evolved. 


y 


man’s discovery of so-called placer de- 
posits of gold in stream-beds of Asia, 
Africa and Europe. Indestructibility 
ind high specific gravity of the metal 
were important factors. In many such 
deposits, the gold could be seen readily, 
1848 when discovered in 
California. Placer gold may occur in 
tiny flakes or grains, or in nuggets of 
One nugget found in 


as it was in 


considerable size. 
California weighed nearly 1,600 ounces. 
Another in Australia exceeded 2,000 
unces ; it was revealed by the rut made 
wagon wheel. <A savage would 

ignore nugget, even 
though he had no previous knowledge of 
this metal. Leo Africanus, writing dur- 
ing the Middle Ages of a king who lived 
on the Gold Coast of Africa, described 
him as using a huge nugget of gold as a 
Seat. 

Gold is identified more readily than 
other metals, because they usually occur 
in nature in chemical compounds; the 
property of gold that keeps it bright and 
free from tarnish likewise prevents it 


by a 
such a 


hardl<« 
uadiUly 
. 
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from passing 
combining read 
It is relativel) 
why it is found 
as a bright nati 
jects catch the 
gold 

attention of pr 
sumed to have 


> 
must hav 


covered by hun 
are no record 
know that gol 
in use and in 
history began. 
Two other 

probably been im} 

distributed about the 

it occurs to some extent in n¢ arly every 
country. This would tend to make all 
peoples acquainted with it sufficiently to 
account for its wide-spread acceptance 
The other is the fact that nowhere is cold 
extremely abundant. Most of the 
before the present century, the increase 
in accumulated §stoc!l of the metal 
throughout the world proceeded slowly, 


time, 


and the amount added each year was not 
sufficient to disturb the 
especially as the addition would tend to 


value of gold, 


be balanced somewhat by growth of 
population and by expansion of trade 
The latter ‘or the ab- 
sorption of enormously expanded pro- 
duction of gold in recent years, 
pronounced effects in inflation. 


The whole fascinating story of gold, 


accounts for ready 


without 


covering its occurrence, discovery, pro- 
duction and use, its influence upon prog 
ress and civilization, on history, on the 
struggle of man to conquer his environ- 
ment and upon oriented to 
gold as a symbol of individual, national 


his mind, 


and social well-being, concerns an aston- 
ishingly small amount of this precious 
metal. All the gold produced in the 
world since the discovery of America, 
which probably exceeds vastly the total 
in the ages before, could be contained 
in a cube measuring less than 40 feet on 
each edge. In weight, this amounts to 
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only about 38,000 short tons; over fifty 
times that weight of copper was pro- 
duced in the single year, 1929. 

Think of the work and effort, the ri- 
valry and strife, the injustice and oppres- 
sion, the schemes and plots, the quarrels 
and fights, the battles and wars that 
have been involved in the accumulation 
and preservation, the winning and own- 
ing, of this relatively small amount of 
yellow metal! 

A one-inch cube of gold is worth about 
$210; if an infantryman in the United 
States army carried the weight of his 
standard battle equipment of 71} 
pounds, in gold, he would have $21,600 
worth—enough for a cube 4.7 inches on 
an edge. If you could carry 250 pounds 
on your back, you might walk away with 
a little over $75,000 worth of gold, which 
would make a cube a trifle larger than 7 
inches on an edge. If you owned a 
9-inch cube of pure gold, you would have 
over $150,000. 

In more than three and one half cen- 
turies, from the discovery of America to 
about 1850, only 151 million ounces of 
gold had been produced in the entire 
world; but in the next 82 years, ending 
with 1932, 959 million ounces, or 64 
times as much, was produced at a rate 
28 times as fast. The earlier production 
eame from placer mines or from gold 
mines that could not be worked far be- 
low the surface. Now the amount from 
placers is small in comparison with that 
from veins ; vein-mines sometimes extend 
a mile and a half into the earth, this 


having been made possible by 
technologie advances in the art 
ing; the story of the winning of ¢ 
not yet finished. 

You might not know that the o 
gold mine in the United States 
South Dakota; it is called the H 
stake. Alaska contains the secor 
est. You would rightly guess that 
gold has come from California t! 
other state. Canada produces m 
than we do; in fact, last year tl 
ince of Ontario alone was the s 
more gold than the whole of the | 
States. The greatest producer 
ada is the Lake Shore mine; 
linger stands second. About halt 
gold won annually in all the wor 
from the Union of South Africa; 1 
two hundred and forty millior 
worth was won there last year 
greatest African mine is called ( 
ment Gold, with the Crown mine 
second. Either produces nearly 
times as much as our largest mi 

Truly it may be said that thei 
golden thread running through 
broidered tapestry of history, fr 
prehistoric figures of men trading 
gets, to our own financiers and 
of industry conducting vast transa 
based upon minted gold, but it s 
not be overlooked that this filan 
gold is interwoven throughout wit 
of silver, and that silver is now em] 
as the basis of money by Eastern | 
as numerous as those of the West 
use gold for the same purpose. 





THE WORK OF THE BUREAU OF STANDARDS 
IN LIGHT AND HEAT 


By Dr. CLARENCE A. SKINNER 


‘ , AT OF 


Bureau's activity in light i 
The wave-length measurement 


ssification of ission and ab 


spect ra, a 


, ' , 
hases of chemical analysis I 


are especially applicable 


ration and tests involving mea 
nts of polarized light and _ its 
tions, especially in the testing 
‘hnology ot t} e sucars: develop 
methods and measurement ot fie 
rs which determine color, measure range 
the spectral transmissive and The 
ve properties of materials and the — sively te 
erading of light sources and mate of interference 
development of methods and test and has shown 
the performance of optical instru cision gage mate! 
ts, development of instruments for ject to change 
types of service and measurement Crystal quartz 


; 


refractive indices of optical mate- length acecurat: 


ils; the development and maintenance perature when 
basic and working standards of light ‘rate temperature 
nd photometric testing of illuminants; quartz (silica ¢ 
levelopment of radiometric methods and — with its extrem: 
nstruments, development and mainte itv, appears to | 
of standards of thermal radia purposes. The 
investigation and sensitometry of meter end gage 
graphic emulsions and develop-_ the final 
of photographic methods; stand- bration by 
ition of equipment for producing, use of these 
ntrolling and measuring x-radiation, tional labora 
velopment of methods and measuring _ international 
radium content of materials; the an aecurac 
plication of the interferometer to the Also, using 
rate measurement of length, inelud 
he ealibration of end standards and 
¢ of line seales with light wave 
hs as the working standards. 
is interesting that light furnishes 
ongest and shortest units of length 
light-vyear, about 250 million times ‘vy of pr 
earth’s equatorial circumference, is For working st: 
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"REAU’S SELF-CHECKING SET OF OPTICAL 
FUSED QUARTZ 
APPROXIMATELY 11 INCHES IN DIAMETI! 
LENGTH FROM A PERFECT PLANI 
HE PLANENESS OR CURVATI 
OF ‘* STRAIGHT EDGES. ’’ 
eral hundred wave-lengths of the iron of a black body radiator at thi 
spectrum distributed from 2500 Ang- ture of freezing platinum; 
stroms in the ultra-violet to 8500A in candle-power has been measure 
the infra-red have been measured at the For the past ?0 years the Bun 
Bureau to one part in 2 million or bet- also been using and issuing cart 
ter. These have been adopted as see- ment lamps as working stand 
ondary wave-length standards by the total radiation, calibrated w 
International Astronomical Union. A black body radiator as primary 
search Is now In progress for other ard. These have proved CONST: 
wave-lengths, accurate to one part in 20 a period of several years and 
million or better, which may serve along negligible deterioration with use 
with the cadmium wave-length as basic The problem of standards of 
standards much more complex than that of 
In photometry, the recognized unsat- or luminous power. For exam) 
isfactoriness of flame standards led the color of things, which are not the 
Bureau several vears ago to set up work- sources of light, depends on the 
ing standards of carbon filament incan- nation used so that a specificat 
descent lamps, rated in candle-power. their color must include a specit 
Extensive comparisons have revealed of the illuminant. The physi 
these to be highly satisfactory, lacking terpart of, or stimulus evoking 
neither in constancy nor durability. in general a mixture of light of d 
They permit photometric measurements wave-lengths or spectral distril 
accurate to } per cent.; where, using The same spectral distribution 
flame standards, certification closer than evokes the Same eolor sensation, 
2 per cent. can not be obtained. Spee- the same color sensation can be pri 
trophotometrically standardized optical by different spectral distrib 
filters used in conjunction with these Where reproduction of a given ¢ 
incandescent carbon filament standards to be attained through reproducet 


permit, by eliminating color differences, the spectral distribution, a spectro] 


the accurate candle-power measurement metric analysis is made. The stan 
of present-day illuminants. ization of railway signal glasses 

A primary standard of light, a source which the Bureau is at present eng 
accurately reproducible from specifica- is an important example of this ty) 
tion and reasonably near the color of the color measurement. The Bureau 1 
incandescent carbon filament secondary also such spectrophotometric tests 
standards, has been realized at the the public and issues spectrophoto. 
Bureau relatively recently, in the form cally calibrated sets of colored filte: 
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e reproducti mm ota given color, secondary 


ve of its spectral c mMposition, Asa basis 


au has under way the standard mercury-In-g 
f 400 colored cvlasses. thermometer 


in combination, will and 


ur fifths of » estimated mil- 


ferent practicab! colors—the 


pure spectral colors not being 


icible by this set Over one hun 


these glasses, representing colors 


the edible oils industry, have temperature 
mndardized and graded: and _ = different types wer 
nominally the equivalent of ences between 
this group, are accepted for table 
rdizing. { 
Relative to the color of illuminants, Jed jn 1997 to the 
ch the most important range from national temperature 


ndle to the sun, the Bureau is now = eral Conference 
ring to standardize these in terms — gyres. represent 
temperature of a black body radi- — jyternational scale 
‘color temperature,’’ which most points and precisel) 
matches the eolor of the given leat } 


iInterpo ation bet\ 


j a yneetl ; has ;: 
In this onnection, it has also polation above the 
ped a series of optical filters for  jyorval Q° to 660° ( 
rtine he if or color te rT ; 
retain lights J owes lor tempe ra tance t} ermometel ~ standard 
to various higher color tempera- , a : 
same with a adlftlerent calibration cove 


- and one of these combinations has 0 190° C.: for 600° to 1063 


adopted as an international stand- thermocouple ot ie ial 
for photographie sensitometry ‘i 
list of measuring instruments and 
eS developed in this field by the 
u ineludes: Polarimeters, color- 
Ts, special tvpes ot photometer, 
meters, a photographic sensitom- 
ter, an optical coincidence gage, optical 
mponents for special types of service 
d interferometers of varied applica 
the most recent being an instru 





for measuring the tilt of the 
PLATINUM INGOT, B., 


PARTS, 


rt 


h’s strata which serves as a warning 
approaching earthquakes. 

In heat one of the important functions 
is the maintenance and distribution of 
he temperature scale. The thermody- yewra, pyorow 

mie seale, being independent of the THe Bureat 


LY REPROD 


‘operties of any particular material, is ror INTERNATIONA 
leal temperature seale: but precise 





THE 


> het oe 
210 


Above 
1063°, the freezing-point of gold, the tem- 


platinum-10 rhodium is specified. 


perature is defined in terms of mono- 
chromatic radiation from a black body 
without specifying any particular instru- 
ment, but theoretically identical with the 
thermody namie seale, 

Bureau contributions to the develop- 
ment of the methods and instruments, 
which form the basis of the international 
scale, are the investigation of the boiling- 
point of sulphur and freezing-point of 
and construction of 


design 


silver: the 


resistance thermometers, which have 


found 
of methods of preparing platinum and 


extensive use; the improvement 


its alloys in a state of purity and the 
production of thermocouples for testing 
this purity ; and also the development 
of an optical pyrometer, including tech- 
nique for precise measurement. 

Work in thermometry at the 
Bureau is designed to provide, first, a 
temperature below 
limit of the 
further 


cas 
working seale of 

190 C., the 
standard and 
basic data in the range now covered by 


present 


seale; second, 


the international seale. 
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it could be melt 
For this latt 
thorium oxide, fused by a Ss} 
molded 


ers in which 
contamination. 


into erue 


addition 


nique and 
used. <A 
contributing to 


necessary 
the success! 
nation of the freezing points 
high frequeney 


has been a 


furnace. In the region 
temperatures, liquid hydroge: 

recently liquid helium have bee) 
attaining temperatures beloy 
liquid air. By fractional disti 
liquid hydrogen, a residue Was 
in which the hydrogen Isotope 


) 


2 was discovered 


spect roseop 
I 


Columbia University. Apparat 


methods have recently been «i 


in cooperation with the fixed 
research laboratory, for measw 
cific heats from the temperature 
ing hydrogen to ordinary temp: 
In the range of liquid helium 
investigat 


tures, an extensive 


supereonductivity, especially as 
by the frequency of the 
been carried on. 

In calorimetry, where acew 


eurrent 


measurements are ol 
the 


heats of 


To make an exact temperature scale 
the liquid-in- 


thermometers of 


perature 


available, Bureau tests portance, Bureau makes 


standard combustion 
form of 


ZO1e acid, 


numerous types 
at temperatures ranging from — 190° to 
200" C thermometers, 
thermocouples, radiation 


glass 
standard samples (p 
naphthalene and sue) 
the 


calorimeter may make an accurat 


also resistance 
optical and means of which user of 


pyrometers to an accuracy demanded 


bration of his instrument wit! 
difficult and elaborate primary 
tion. attention 
been given to the more precise det 


for the most precise laboratory instru- 
Through the development of 
special methods and 
than 100,000 clinical thermometers also 
are tested annually. of 
establishment of 
the reduction of 
these standard states. 


ments. 


apparatus more Considerable 


heats of combustion. invol\ 


States 


Investigations on the temperatures of standard 


fixed points have been completed on the results to the 
freezing-points of palladium, platinum Investigat 
and iridium; and that of rhodium is now 
under way. To attain the accuracy of 
1° or better at the lower temperatures 
and that of but the 
higher, it was necessary in these inves- 


methods of gas calorimetry comp! 
formed the bas 
methods of testing heating value 


ago have 


years 


tew degrees at supplies, both by gas companies 


regulatory bodies. 
The most 
etry carried on by the Bureau ha 


tigations to prepare material of extra- extensive work in ¢ 


ordinary purity and to provide contain- 





[1k BUREAU OF STANDARDS IN LIGHT AND HEAT 


VIEW OF 


STANDARDS 


GENERAL 


OPED BY THE BUREAU OF FOR 


FOREGROUND IS SEEN 
F 375° C. 


rED STEAM. IN THI 


UP To 70 AND STI 


PURPOSI 


RATURES 


THE OF THE RESEARCH IS TO 


IOR OF STEAM FOR THE 


BEHA' 


sted in determining the thermodynamic 
of 


such as steam 
| refrigerating media. This involves 
e preparation of material of high 


purity, determination of such properties 


materials, 


perties 


s the pressure-temperature relation for 
» saturated vapor, the heat content of 
the latent heat of vaporiza 
pressure-temperature-volume 


I quid, 
n, the 
ations for the superheated vapor and 
e specific heat of this vapor. Com- 
ete working tables are prepared from 

ese data for the 
the design and testing. of power plant 


equipment ; thus, tables of the properties 


use of engineers in 


immonia have been issued and have 
me the standard of the refrigerating 
industry, both at home and abroad. 


LABORATORY 


ritt 


) 
te 


EQUIPMEN' 


MEASURING THI 


CALORIM 


FORM 


Similar work propertle 


steam forms part internatl 


program designed to provide more 


able data and to cover adequately 


higher range of temperatures 


Bureau’s measurements, which 


preceded by a careful study 
designing the 
to 270 


Work 


pre TeSS 


basis In appa 


theoretical 


ratus, have been completed up 


C. (518° F 
above this 


and SOO Ibs sq. 1n 


range is now in 


conferences, in 1929 


international 
and 1931, 


establishing skeleton tables covering ex 


Two 


used the Bureau’s results in 


isting knowledge of the properties of 


steam. 
A eontribution to 
lem of 


2 1 
classical 


the 
the 


prob 


determining mechanieal 
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COBLENTZ THERMOPILE FOR MEASURING RADIATION FROM 
THE STARS 
IT WAS WITH THIS INSTRUMENT THAT THE FIRST SUCCESSFUL MEASUI 
STARS WAS MADE IN 1914 aT LOWELL OBSERVATORY. IT WAS LATER 


rEMPERATURES OF THE POLAR CAPS, BRIGHT AND DARK AREAS AND CLOIl 


equivalent of heat consists in pointing temperature gradients 
out that its importance is entirely arti- rounding a heated body 
ficial. Heat is a form of energy and can’ make a detailed analysis of 
therefore be measured and expressed in in which heat was transferred 
the usual energy units, such as ergs or heated body to the air. 
joules, so that there is no necessity for Another series of investigat 
an independent energy unit, such as the been concerned with the reduct 
calorie. When this is recognized, the losses in buildings, by testing 
problem ot determining the specific heat tective materials and const) 
of water does not differ essentially from furnaces designed to maintail 
the problem of determining the specific ture conditions corresponding 
heats of other substances. fires. The results are expressed 
In the subject of heat transfer, exten- of the period of fire exposure 
sive investigations of the thermal con- which satisfactory endurance 
ductivity of insulating and building obtained. To make them app 
materials and of heat transfer through existing conditions, the intensi! 
building walls have provided data from duration of fires occurring 
which the insulating value of a wall of classes of building occupance 


specified construction may be caleu- been determined by burning 


lated; as verified by measurements on mental buildings and compar 
representative types of walls. In addi- results with furnace tests. N 
tion, the conductivities of metals and tests on the types of walls mi 
insulators at high temperatures are monly used have thus made it 
being measured. By means of an inter- to assign appropriate fire 
ferometer and using the refractivity of periods to the several types 
air as a means of indicating its tempera-_ tests on floors are under way. 
ture, it was possible to determine the As fire is a hazard to life as 
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1922 


protection 


i 
treatment 
ble materials 
means of elimi! 
| related pl blems 
ittention 
e subject f power 
energy Trom 
s converted int 
e Bureau’s act 
on the automotive 
e fuels and lubricants 
ise and the vehicle 
1917, the new altitude lal 
engines 


“il Tor testing alreratt 


} 


ipper air temperature and 


pres 


— 
yustined itsell 


maditions, signally 
wing that the proposed specifica 
ir aviation gasoline were unneces 


severe: 


thereby relieving the 


ry at a critical Time 


tion Imposed ‘| 
| its resources to the utmost. 


itoryv is particular \ fitted 


ror resu 


ng the effect of: pressure, tem tendeney 
ire and humidity of the air, eylin 


ne 
Lite 


and means have 


temperature and oll VISCOSITY On ‘consistent =k 


ivior of aircraft engines in different 
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THE MORRIS ARBORETUM OF THE UNIVERSITY OF PENNSYLV&A 


ONE of the most munificent gifts to the will indicated the purpose to 
cause of university education in Amer- dedicated this splendid propert 
ica was made in the will of the late Miss arboretum shall be maintained 
Lydia Thompson Morris, in which she mary object, and the extens 
provided that her home in Chestnut’ were being carried out by her 
Hill, Philadelphia, and her adjacent continued. The will also pr 
farming property in Montgomery’ a sehool of graduate botanica 
County should become The Morris Ar- shall be organized and condu 
boretum of the University of Pennsylva- aid this purpose, the granting 
nia. The home property, ‘‘Compton,’’ ships is authorized, also the 
has long been famous for the beauty of ment of scholarships for boys 
the location and for the very remarkable studying horticulture and other 
collection of trees and shrubs planted cal subjects. The hiring 
there chiefly by her deceased brother, scholars to give lectures, the pul 
Mr. John T. Morris. These plantings of popular and _ scientific 
occupy more or less completely about 50 supporting of botanical resea 


WW 


acres and are especially rich in speci- this and in foreign lands, the gr 


mens from eastern Asia. Miss Morris’ plants for distribution to the i 


49 


» ae 
~~. 3 a 
oe - 


> Pye 


fee * Ris GED 
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LABORATORY FOR 
public and the construction of suitable 


buildings are among the objects men- 
tioned. 
The management and direction of the 
through 
e department of botany of the univer 
sity. It is directed that the funds of the 


estate not otherwise provided for should 


arboretum is to be conducted 


be available for the support of the ar- 
boretum and of the projects undertaken 
by it. 

The university became responsible for 
the initiation of this program last Octo- 
ber, and considerable development has 
taken place. Several hundred new trees 


and shrubs have been received and 


placed in the nursery. 
The labeling of the plants now in the 


arboretum has been well advanced, al 


though much critical work still remains 
to be done. A herbarium record of the 
plants now present is well begun, repre- 
senting the plants in bloom, in fruit in 
and in winter condition 


many Cases, 


INVESTIGATION OF 


TREE DISEASES 
This herbarium will receive 


tions from new plants introduced 


will offer a wealtl materia 
eritical bot: 

The 
the support of R 
on the China-Ti 
received | 


ected 


by 
150 Primulas., 


itlis 


arboretum 


ready 
1] 
seeds COtl 


them over 


already germinating in 


ereenlouses Seeds of over 500 © 


} } } . l 
ododenadron are now hel 


tions of Ri 


The buildines at the arboretum 


being actively employed. Residences 
the superintendent 
and for 
the tot: 


dener 
parts ol 
tending alone 

Wissahickon Creek are 
family residence contains an 
equipped laboratory for 
diseases of woody plants, 


a dozen graduate students 
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ONE OF THE JAPANESE GARDENS 


under the direction of Professor Harlan 


H. York, of the botanical laboratory of 


the university. Laboratory work is in 
active operation on problems of mineral 
plant nutrition by two graduate stu- 
dents. One graduate student working 
in the mineral constituents of the soil is 
studying under Associate Professor Ed- 
var so Wherry. Associate Professor 
Conway Zirkle is conducting studies in 
the Bloomfield section on plant genetics. 
Assistant Professor John Milton Fogg, 
Jr., is in charge of taxonomic studies on 
the pines and oaks of the arboretum 
being carried on by two investigators. 

The attie of the garage building has 
been equipped with an Allison magneto- 
optical apparatus, which two graduate 
students are using in studies on the ab- 
sorption and exchange of mineral con- 
stituents of plants under the general 
direction of Professor True. 

Mr. James Lambert, superintendent 
of the botanic garden of the university, 


is superintendent ol the 
where he is now in residence 
Professor Rodney H. Tri 
department of botany an 
the botanic garden of the univ 
been appointed director of 


retum with part-time residence 
An advisory staff, with members 
the school of fine arts, the depart 


of zoology, chemistry and eng 


has been approved 
Thus, the maenificent 


+ 


} 


arp 


+ 
e 


ire 


ll 


Morris opens the door ot opp 


for plant studies at the universit 


wide basis with financial support 


effect to the program, and promis 


make this university and Ph 


one of the great botanical centers 
country. Should it continue to pr 


it may in time rank with the Roya 


dens of Kew. the Jardin des Plant: 
Paris, and the Arnold Arboretun 
Boston, in the world of plant stud) 


RODNEY 


H 


+ 
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THE HIGH POTENTIAL STATION AT NEW BEDFORD 


million volts will : 

a group of Massachusetts Insti 
f Technology physicists. In an 
p hangar on Colonel E. H. R 
’s estate at Round Hill, the largest 

ng they could borrow for their ex 
ments, a gigantic electrical machine 
eing groomed for the study of the 

ts of high voltages It consists of 

columns surmounted by fifteen-foot 

w aluminum spheres. Men can 
h into these hollow metal balls and 

interiors will serve as laboratories in Oxford wh 


e the effects of high voltage elee to use stat 


T\ upon matter can be observed. voltage Wi) lie 


lhe giant electrical machine will pro- have the opport 
the world’s highest potentials ot sary experiment 
tricity under human control. Light ford he went 
¢ has higher voltage, but man can a National Ress 
t effectively harness the lightning. There, with the ¢ 
One surprising thing about this ten T. Compton, thei 
ion volt generator is that it needs no Princeton and 
ectrical input. It is its own power Massachusetts 
No large transformers are Dr. Van de Gi 
needed. One of the oldest methods of Graaff genera 
venerating electricity is used in this hundred dol 
west high voltage machine. Benjamin age developed 
Franklin experimented with static ma which physici 
ies, and that other great American gently ina ha 


venerators of frictional electricity to 1,500,000 volt 


pioneer in physics, Joseph Henry, used So striking 


shock his students who held hands in a_ poration funds 
auspices of the 
Stroke a cat or comb your hair on a of Techni logy 
day and see the sparks fly. This volt machine 
ethod of generating static electricity is into the service 
essentially the same as that in the ten In principle tl 
lion volt static machine about to be torissimple. F1 
ested in New England. Statice elec- the ground to the 
city antedates the electromagnetic ders there run m 
thod that is used in the generation of — is picked up 
ictically all the electric power to-day ground level 
Greeks knew that by rubbing a_ like water in 
ce of amber with a cloth an electric low spheres w 
irge could be generated With the them and trave 
ictical application of the discoveries not even necessary 
Faraday and Henry, that motion in of low voltage e 
ignetic field can generate a current, the belts as the 
the development of the vast electri up the necessary 
industry based upon these principles, One of the hol 
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THE HIGH POTENTIAL APPARATUS IN THE AIRSHIP HANGAR 


surface charged positively and the other 
is charged with negative electricity. 
How much electricity the hollow eylin- 
ders will hold without spilling over, or 
sparking like artificial lightning, one 
from the other, depends upon their size 
and the atmospheric conditions. 

A relatively large amount of electric- 


ity, a thousand kilowatts, will be gener- 
ated by the ten million volt machine 
when it operates. This is as much as the 
power plant of a small town generates. 


Actually the current amounts t 
milliamperes at a potential of ten 
lion volts. 

The generator would light 90,000 
nary 10 watt, 110 volt ineandes 
electric lamps, if connected in series 
there would be 10 per cent. current 1 


gin to spare. If these lamps were set 


close together as possible, say eig 
the foot, they would string out to ; 
two miles. Watson DAVIS, 

Science Servi 
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1ISTORICAL MICROSCOPES AT THE NEW YORK BOTANICAL GARDEN 


ORICAL MiUcroscopes assemb ed in presence of ¢ » | Ss res 
is believed to be the largest collec refracted lieht s ss 
f its kind in the United States lenses lt vas many vears 
ately been put on exhibit at the achromatisn vas s sfull: 
York Botanical Garden plished. As late as 1821, it s be 
Dating from 1740 to the latter part of mpossible 1 ails 
nineteenth century, these instru matic micros | t ~ 
ts reveal the progress made from was then recommend is t 


struments is in the New York B 
Garden's c ec ! 
chromatic aberration | i] t-al 


prism plac 


jective des rner 
through the body-tube 
But this was not wholly suecesst 


A few years later, in 1829, Jackso1 





O OF THE FARLIEST MICROSCOPES IN THE NEW 
Yo BOTANICAL GARDEN’S COLLECTION, BUIL1 
BY CULPEPPER IN 1740-45. 


early, erude, compound microscopes 
the nearly perfected achromatic 
nses of a century and a half later 

Despite the imperfections of the 


1: } 


‘her models, it was with instruments 





: as these that the first of the mod 


botanists—de Jussieu, his nephew 
Lamont, Linnaeus and later Lamarck 


ide their studies and discoveries which 





lutionized the concept of their sub IMPR [ 
Though they used compound 1797, Iv was a 0 NISC O} 


oscopes whenever necessary, their : . Fo Oo 


sion was continually blurred by the OF A 0 
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Lister cemented a concave and a 


piano 


convex lens together with Canada bal 
thus 
heht 
field 


Improve- 


which is and 
diminished one half the 
reflection 


and brighter 


sal, transparent, 
OSS ot 


made the 
Other 


from and 
clearer 
ments fast followed, completely chang- 
ing the character of the instrument in a 


subsequent ten-year period. The most 


important developments in the whole 


history of the were made 
during the middle of the 


‘*Little room for improvement 


microscope 
nineteenth 
century. 
considered to remain,”’ 


can be said one 


writer at this time 
The 


period, of which there are a number in 


microscopes of this changing 


the botanical garden’s collection, were 


provided with innumerable accessories, 
including a boxful of prepared slides, 
showing insects’ wings, minute plants 
and animals, sections of leaves, pollen, 
microscopic eggs and such objects of 
fascination for the aided eye. But more 


important, more exciting, even, to the 
layman who peered through the tube as 
a means of entertainment, was the use 
of the fish-pan, which was part of the 
equipment. This was a shallow, oblong 
dish, fitted with 
with stout twine to hold a small live fish 


Through the 


clamps or provided 


or frog in place. micro- 
scope then the wonders of circulating 
blood could be observed in the fish’s tail 
or the webs of the frog’s feet. 
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il This ct 


“The faet thi 
microscopes Is so rich The 


models, which are increasing 
to obtain, is an appropriate re 
it should be made a still more 
hensive group,’’ Robert Hagelst: 
at the New York 


orary curator 


| 
| 
es 


THREE PEOPLE CAN VIEW THE SAME 0 
TIME 
NACHET Et 


AFI t «THI MIDDLE OF THI 


THROUGH 


FILS, 


rHIS 
PARIS, 


NINET 


THE SAMI 


MADI BY 


rURY. 


cal Garden, said in issuing a plea 
additional 


contribution of instr 
The basis of the collection is a eg 
twenty microscopes made some yea 
by the late Charles F. Cox, when 
ber of the board of managers 
C.8 


SUMMARY OF THE PRESENT POSITION OF OUR KNOWLEDGE OF 
ANTERIOR PITUITARY FUNCTION 


are at the 
new era in the field of 
Dr. Herbert M. 
institute of ex- 


Ir is that we 
threshold of a 


experimental medicine. 


possible 


Evans, director of the 
perimental biology at the University of 
California, who has recently completed 
a year’s work at the Rockefeller Insti- 
tute for Medical Research, believes that 
the investigation of the ductless (endo- 
erine) glands probably will yield meth- 
ods of prevention and control of disease 
comparable to those developed in the 


‘*bacterial epoch’’ inaugurated by Koch 


T his 


erinology suffered at its birth 


and Pasteur. subject of 


extravagant assertions of those 
claimed to have found in the end 
glands the long-sought ‘‘founta 
youth,’’ or who saw in endocrino 
tool for the lucrative profession ol 
ing fat ladies thin. Even so, the 

tigation of ductless glands has al 


yielded the greatest single achiev 
the dise 


of present-day medicine 
and isolation of insulin. 
The hypophysis, or pituitary bo 
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the base 
mathematical ce 
The Roumanian surgeon, 
bserving that his animals died 
the removal of the pituitary, 


; : 
the gland was essential for 


is view Was held until Harvey cadetermine 


skilfully demonstrated that tial prinecip 


he pituitary Is removed without the entities 
ty other brain parts, death need Which play 
pervene physiological 
wh the hypophysis was” thus which cease ft 

n not essential for continuance of moval of the 

it can be demonstrated that com- Removal « 
excision of the gland is followed = mals first shows 


rressively more serious ill effects body except fi 
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EFFECT OF GROWTH HORMONE 
ES PRODUCED IN DACHSHUND BY DAILY ADMINISTRATION OF , 


\ 


HORMON |! FOR A PERIOD OF EIG MON 











but on removal of the gland or its ante- 
rior lobe in young animals there is a ces 
sation of growth characterized by con- 
tinuance of juvenile structures, such as 
milk dentition and persistence of ep)i- 
physeal cartilages of long bones. Bones 
may alter in shape, and evidences of dis- 
turbed calcium metabolism are indi- 
cated. Complete correction of such con- 
ditions will occur on injection of a 
growth hormone from the anterior lobe 
of the hypophysis into the hypophysec- 
tomized animal, in such a way that com- 
parative potencies of growth hormone 
extracts may be determined and tests for 
purity made. 

A striking effect of removal of the 
pituitary in the young animal is the fail- 
ure of the genital system to develop, 
while in the adult a retrogression occurs 
with loss of sex interest and desire and 
ability to produce mature germ cells. 
Overdosage of pituitary extracts or im- 
plantation of the gland tissue in normal 
immature rats secures a complete sexual 
maturity. 

The hypophysis elaborates a hormone- 
regulating mammary secretion as well as 
regulation of sexual maturity, and the 
experiments of Correr and Riddle will 
soon establish the fact of a hormone in 
the pituitary which provokes the secre- 
tion of milk. 

Removal of the pituitary markedly 
lowers the metabolic rate of animals in 
a manner similar to removal of the thy- 
roid. Indeed, the two glands seem de- 
pendent on one another in their function 
and structure, for the thyroid undergoes 
histological alterations on removal of 
the pituitary, and injections of anterior 
pituitary extracts tend to restore meta- 
bolie rate and establish normal thyroid 
structure. 

It is found that a principle may be 
separated by ultrafiltration from the 
recognized hormones of the pituitary 
which regulates fat metabolism. The 
lack of this principle probably is the 
cause of fat-deposition in animals suf- 
fering from hypopituitarism. 
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Several  endocrinologists 
seeking information on relati 
tween the pituitary and the 
It is found that hypophysect: 
mals are more sensitive to in 
that implantation of anterio: 
tissue in diabetic animals w 
rise in blood sugar content 

Degeneration of adrenal ¢ 
removal of the pituitary and 
of the vital importance of the 
to speculation as to whether tl 
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hypophysectomized animals m 


be due to loss of adrenal corti 


tion. It has been demonstr: 
ever, that the decline of anim: 
their hypophysis could not b 
by injection of adrenal cortica 
but could be dramatically ¢ 


improvement on administratio 


rior pituitary extract, which r 
adrenal cortex to normal also. 
tle can now be said regarding 
of the pituitary which may 

placement therapy in Addiso1 
but accumulating knowledge 


that hypertrophied fragments « 


{ 
ite 
e 
| 
! 
ePxT 
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} 
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al 


} 
IS { 


‘ 


cessory adrenal tissue may take 01 


normal function of the adren: 
rior pituitary tissue is impla 
body. 

One can understand the 
skepticism with which many 
the assertions of those who el: 


iis 


+ 
f 


i1ll 


ognize such a perplexing array 


ently discrete internal secret 


stances or hormones furnish 
one small brain-gland, the 


“ol 
ec 


pit 


Nevertheless, it can be stated wit! 
ance that sufficiently sensitive t 


jects have been found by mear 


] ( 
LS 


at least five principles—growth, ¢ 
tropic, thyreotropic, lactogenic 


betogenic—may be said to 
with certainty. The effects of 
mones, with perhaps the ex 


be 


"4 


cept 


those for growth, are specific 

need wait only for more refi 
chemical tools before all thess 
stances may be obtained in pure 


preferably crystalline) form. 





